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Notes regarding these materials

1. This document is provided for reference purposes only so that Renesas customers may select the appropriate
Renesas products for their use. Renesas neither makes warranties or representations with respect to the
accuracy or completeness of the information contained in this document nor grants any license to any
intellectual property rights or any other rights of Renesas or any third party with respect to the information in
this document.

2. Renesas shall have no liability for damages or infringement of any intellectual property or other rights arising
out of the use of any information in this document, including, but not limited to, product data, diagrams, charts,
programs, algorithms, and application circuit examples.

3. You should not use the products or the technology described in this document for the purpose of military
applications such as the development of weapons of mass destruction or for the purpose of any other military
use. When exporting the products or technology described herein, you should follow the applicable export
control laws and regulations, and procedures required by such laws and regulations.

4. Allinformation included in this document such as product data, diagrams, charts, programs, algorithms, and
application circuit examples, is current as of the date this document is issued. Such information, however, is
subject to change without any prior notice. Before purchasing or using any Renesas products listed in this
document, please confirm the latest product information with a Renesas sales office. Also, please pay regular
and careful attention to additional and different information to be disclosed by Renesas such as that disclosed
through our website. (http://www.renesas.com )

5. Renesas has used reasonable care in compiling the information included in this document, but Renesas
assumes no liability whatsoever for any damages incurred as a result of errors or omissions in the information
included in this document.

6. When using or otherwise relying on the information in this document, you should evaluate the information in
light of the total system before deciding about the applicability of such information to the intended application.
Renesas makes no representations, warranties or guaranties regarding the suitability of its products for any
particular application and specifically disclaims any liability arising out of the application and use of the
information in this document or Renesas products.

7. With the exception of products specified by Renesas as suitable for automobile applications, Renesas
products are not designed, manufactured or tested for applications or otherwise in systems the failure or
malfunction of which may cause a direct threat to human life or create a risk of human injury or which require
especially high quality and reliability such as safety systems, or equipment or systems for transportation and
traffic, healthcare, combustion control, aerospace and aeronautics, nuclear power, or undersea communication
transmission. If you are considering the use of our products for such purposes, please contact a Renesas
sales office beforehand. Renesas shall have no liability for damages arising out of the uses set forth above.

8. Notwithstanding the preceding paragraph, you should not use Renesas products for the purposes listed below:

(1) artificial life support devices or systems

(2) surgical implantations

(3) healthcare intervention (e.g., excision, administration of medication, etc.)

(4) any other purposes that pose a direct threat to human life
Renesas shall have no liability for damages arising out of the uses set forth in the above and purchasers who
elect to use Renesas products in any of the foregoing applications shall indemnify and hold harmless Renesas
Technology Corp., its affiliated companies and their officers, directors, and employees against any and all
damages arising out of such applications.

9. You should use the products described herein within the range specified by Renesas, especially with respect
to the maximum rating, operating supply voltage range, movement power voltage range, heat radiation
characteristics, installation and other product characteristics. Renesas shall have no liability for malfunctions or
damages arising out of the use of Renesas products beyond such specified ranges.

10. Although Renesas endeavors to improve the quality and reliability of its products, IC products have specific
characteristics such as the occurrence of failure at a certain rate and malfunctions under certain use
conditions. Please be sure to implement safety measures to guard against the possibility of physical injury, and
injury or damage caused by fire in the event of the failure of a Renesas product, such as safety design for
hardware and software including but not limited to redundancy, fire control and malfunction prevention,
appropriate treatment for aging degradation or any other applicable measures. Among others, since the
evaluation of microcomputer software alone is very difficult, please evaluate the safety of the final products or
system manufactured by you.

. In case Renesas products listed in this document are detached from the products to which the Renesas
products are attached or affixed, the risk of accident such as swallowing by infants and small children is very
high. You should implement safety measures so that Renesas products may not be easily detached from your
products. Renesas shall have no liability for damages arising out of such detachment.

12. This document may not be reproduced or duplicated, in any form, in whole or in part, without prior written

approval from Renesas.

13. Please contact a Renesas sales office if you have any questions regarding the information contained in this
document, Renesas semiconductor products, or if you have any other inquiries.
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General Precautionson Handling of Product

1. Treatment of NC Pins

Note:

Do not connect anything to the NC pins.

The NC (not connected) pins are either not connected to any of the internal circuitry or are
used as test pins or to reduce noise. If something is connected to the NC pins, the
operation of the LSI is not guaranteed.

2. Treatment of Unused Input Pins

Note:

Fix all unused input pins to high or low level.

Generally, the input pins of CMOS products are high-impedance input pins. If unused pins
are in their open states, intermediate levels are induced by noise in the vicinity, a pass-
through current flows internally, and a malfunction may occur.

3. Processing before Initialization

Note:

When power is first supplied, the product's state is undefined.

The states of internal circuits are undefined until full power is supplied throughout the
chip and a low level is input on the reset pin. During the period where the states are
undefined, the register settings and the output state of each pin are also undefined. Design
your system so that it does not malfunction because of processing while it is in this
undefined state. For those products which have a reset function, reset the LSI immediately
after the power supply has been turned on.

4. Prohibition of Access to Undefined or Reserved Addresses

Note:

Access to undefined or reserved addresses is prohibited.

The undefined or reserved addresses may be used to expand functions, or test registers
may have been be allocated to these addresses. Do not access these registers; the system's
operation is not guaranteed if they are accessed.
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Configuration of This Manual

This manual comprises the following items:

1. General Precautions on Handling of Product
2. Configuration of This Manual

3. Preface

4. Contents

5. Overview

6.

Description of Functional Modules
e CPU and System-Control Modules
e On-Chip Peripheral Modules

The configuration of the functional description of each module differs according to the
module. However, the generic style includes the following items:

i) Feature

ii) Input/Output Pin
iii) Register Description
iv) Operation

v) Usage Note

When designing an application system that includes this LSI, take notes into account. Each section
includes notes in relation to the descriptions given, and usage notes are given, as required, as the
final part of each section.

7. List of Registers
8. Electrical Characteristics
9. Appendix

10. Main Revisions and Additions in this Edition (only for revised versions)

The list of revisions is a summary of points that have been revised or added to earlier versions.
This does not include all of the revised contents. For details, see the actual locations in this
manual.

11. Index
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Preface

The H8/36109 Group are single-chip microcomputers made up of the high-speed H8/300H CPU
employing Renesas Technology original architecture as their cores, and the peripheral functions
required to configure a system. The H8/300H CPU has an instruction set that is compatible with
the H8/300 CPU.

Target Users: This manual was written for users who will be using the H8/36109 Group in the
design of application systems. Target users are expected to understand the
fundamentals of electrical circuits, logical circuits, and microcomputers.

Objective: This manual was written to explain the hardware functions and electrical
characteristics of the H8/36109 Group to the target users.
Refer to the H8/300H Series Software Manual for a detailed description of the
instruction set.

Notes on reading this manual:

e In order to understand the overall functions of the chip

Read the manual according to the contents. This manual can be roughly categorized into parts
on the CPU, system control functions, peripheral functions, and electrical characteristics.

e In order to understand the details of the CPU's functions
Read the H8/300H Series Software Manual.
o In order to understand the details of a register when its name is known

Read the index that is the final part of the manual to find the page number of the entry on the
register. The addresses, bits, and initial values of the registers are summarized in section 22,
List of Registers.

Example: Register name: The following notation is used for cases when the same or a
similar function, e.g. serial communication interface, is
implemented on more than one channel:

XXX_N (XXX is the register name and N is the channel
number)

Bit order: The MSB is on the left and the LSB is on the right.

Number notation: Binary is B'xxxx, hexadecimal is H'xxxx, and decimal is
XXXX.

Signal notation: ~ An overbar is added to a low-active signal: xxXxx
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Notes:

When using an on-chip emulator (E7, E8) for H8/36109 program development and debugging, the
following restrictions must be noted.

1. The NMI pin is reserved for the E7 or E8, and cannot be used.

2. Pins P85, P86, and P87 cannot be used. In order to use these pins, additional hardware must be
provided on the user board.

3. Area H'01F000 to H'O1FFFF is used by the E7 or E8, and is not available to the user.

4. Area HF780 to HFB7F must on no account be accessed.

5. When the E7 or E8 is used, address breaks can be set as either available to the user or for use
by the E7 or ES. If address breaks are set as being used by the E7 or ES8, the address break
control registers must not be accessed.

6. When the E7 or E8 is used, NMI is an input/output pin (open-drain in output mode), P85 and
P87 are input pins, and P86 is an output pin.

7. Use channel 1 of the SCI3 (P21/RXD, P22/TXD) in on-board programming mode by boot
mode.

Related Manuals:  The latest versions of all related manuals are available from our web site.
Please ensure you have the latest versions of all documents you require.
http://www.renesas.com/

H8/36109 Group manuals:

Document Title Document No.
H8/36109 Group Hardware Manual This manual
H8/300H Series Software Manual REJ09B0213

User's manuals for development tools:

Document Title Document No.

H8S, H8/300 Series C/C++ Compiler, Assembler, Optimizing Linkage Editor =~ REJ10B0058
User's Manual

H8S, H8/300 Series Simulator/Debugger User's Manual REJ10B0211
H8S, H8/300 Series High-Performance Embedded Workshop 3, Tutorial REJ10B0024
H8S, H8/300 Series High-Performance Embedded Workshop 3, User's REJ10B0026
Manual
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Application notes:

Document Title Document No.
H8S, H8/300 Series C/C++ Compiler Package Application Note REJ05B0464
Single Power Supply F-ZTAT™ On-Board Programming REJ05B0520

All trademarks and registered trademarks are the property of their respective owners.
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Section 1 Overview

Section 1 Overview

1.1 Features

e High-speed H8/300H central processing unit with an internal 16-bit architecture
Upward-compatible with H8/300 CPU on an object level
Sixteen 16-bit general registers
62 basic instructions
e Various peripheral functions
RTC (can be used as a free running counter)
Timer B1 (8-bit timer)
Timer V (8-bit timer)
Timer RC (16-bit timer)
Timer RD (16-bit timer)
14-bit PWM
Watchdog timer
SCI3 (Asynchronous or clock synchronous serial communication interface)

I’C bus interface 2 (conforms to the I’C bus interface format that is advocated by Philips
Electronics)

10-bit A/D converter
POR/LVD (Power-on reset and low-voltage detection circuit) (optional)

e  On-chip memory

Model

On-Chip Power-
On Reset and
Low-Voltage
Product Standard Detection Circuit
Classification Version Version ROM RAM Remark

Flash memory version H8/36109F HD64F36109 HD64F36109G 128 kbytes 5 kbytes
(F-ZTAT™ version)

Note: F-ZTAT™is a trademark of Renesas Technology Corp.
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Section 1 Overview

e General I/O ports
— I/O pins: 79 I/O pins, including 20 large current ports (I, =20 mA @V, =1.5V)
— Input-only pins: 8 input pins (also used for analog input)

e Supports various power-down modes

e Compact package

Package Code Body Size Pin Pitch
QFP-100 FP-100A 20.0 X 14.0 mm 0.65 mm
LQFP-100 FP-100U 14.0 X 14.0 mm 0.5 mm
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13

Pin Assignment

PC1

PC2

PC3
P56/SDA
P57/SCL
P70/SCK3_2
P71/RXD_2
P72/TXD_2
P74/TMRIV
P75/TMCIV
P76/TMOV
P77
PFO/ANO
PF1/AN1
PF2/AN2
PF3/AN3
PF4/AN4
PF5/AN5
PF6/AN6
PF7/AN7

9]
C
- 5
5 @ <
né E mmmwoo
CEERERENE 8§ S5 008500808
XXX XIXXITOT O =s SXOFXXOFF
sggEzEEEE £ & EEQLELQLY
SIS n 3R g I N s r ORI RYASEETEER
ooooOoOoOQCOQAOQA>0o0>0a0000000000O00Q0Q0OQ
OOOOO0O000000000000000000000 0000
QOONOLTONANTONDONOUTNANTODONOSTMON—
ONMNNMNNMNNMNNMNNMNMAMMNNMNMNOOOOOOOOOOWLLLWLLLWHLLWLWLW
[]s1 50[] PH5/FTIOB
C]s2 497 PH4/FTIOA/TRGC
[]83 48[ PD7/FTIOD1
]84 47[7] PD6/FTIOC1
]85 46| ] PD5/FTIOB1
[le6 45[] PD4/FTIOA1
|87 447 PD3/FTIODO
[Jss 43[] PD2/FTIOCO
89 42[] Vss
C]9o FP-100A 41 PD1/FTIOBO
C]o1 . 40[] PDO/FTIOAO
o2 (Top View) 39[0 PE7/FTIOD3
[]93 38[] PE6/FTIOC3
(o4 370 PE5/FTIOB3
[]95 36[] PE4/FTIOA3
o6 35[] PE3/FTIOD2
o7 34[1 PE2/FTIOC2
o1} 33 PE1/FTIOB2
o9 32[] PEO/FTIOA2
[]100 31[1 P30
O ANOTOLOMNOVDIOTTANNDTODONODO
— QM < 0O N0 —rmrrrrrrrrrrrrr AN ANNNANNNNAN O
B
coozowv—mo—o—mv—d(np—w}—v-o—r\comr\mmvm(\h—
T EEE o e IR S S S S - 44
SEITII<E R = X0
60N ®F Eirx 345
o OO0 Qi oS
o oo >3 80.
<zZ %)
B8<<Z Q
=85 :
aa o

Figure1.2 Pin Assignments (FP-100A)
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P55/WKP5
PCO

PC1

PC2

PC3
P56/SDA
P57/SCL
P70/SCK3_2
P71/RXD_2
P72/TXD_2
P74/TMRIV
P75/TMCIV
P76/TMOV
P77
PFO/ANO
PF1/AN1
PF2/AN2
PF3/AN3
PF4/AN4
PF5/ANS
PF6/AN6
PF7/AN7
PGO/ANS
PG1/AN9
PG2/AN10

7511 P54/WKP4

[]100

7411 P53/WKP3

73] P52/WKP2

721 P51/WKP1

711 P50/WKPO

701 P17/IRQ3/TRGV

e[ 1 P16/IRQ2

e3[ 1 P15/IRQ1/TMIB1

67| Vss

66 1 P14/IRQO
651 P12

631 P11/PWM
62 1 P10/TMOW

611 P27
60| 1 P26
591 P25
581 P24
5711 P23

64| Vce

FP-100U
(Top View)

561 P22/TXD
5511 P21/RXD

54[ 1 P20/SCK3
83[ ] PH3/FTCI

52| ] PH2/TXD_3

PH1/RXD_3

51

OOt ony

AVss []1
PG3/AN11 ]2

PG4/AN12 [ 3

AVec []4

Os

PG6/AN14/TRDOI_0 []6

PG5/AN13/TRCOI

PG7/AN15/TRDOI_1 [ 7

X2 s
X1 9
Ve 10
RES M

Vee 16
NI
pg7 []™8
pge []19
P85 []20

Vss []™3
P37 [ 21

TEST 12
PJ1/0SC2/CLKOUT [}

PJo/osc1 [O]15

P36 [] 22
P35 [] 23
P34 []24

25
Py N BB U R B REBIBBBEERBEEES

PHO/SCK3_3/ADTRG
PH7/FTIOD
PH6/FTIOC
PH5/FTIOB
PH4/FTIOA/TRGC
PD7/FTIOD1
PD6/FTIOCH
PD5/FTIOB1
PD4/FTIOA1
PD3/FTIODO
PD2/FTIOCO
Vss
PD1/FTIOBO
PDO/FTIOAQ
PE7/FTIOD3
PE6/FTIOC3
PE5/FTIOB3
PE4/FTIOA3
PE3/FTIOD2
PE2/FTIOC2
PE1/FTIOB2
PEO/FTIOA2
P30

P31

P32

Figure 1.3 Pin Assignments (FP-100U)
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Section 1 Overview

14 Pin Functions

Tablel.1 Pin Functions

Pin No.
Type Symbol FP-100A FP-100U 1/O Functions

Power Vee 19, 67 16, 64 Input Power supply pin. Connect this pin to the
supply pins system power supply.

Vss 16, 42, 70 13, 39, 67 Input Ground pin. Ensure to connect all pins to
the system power supply (0 V).

AVcc 7 4 Input Analog power supply pin for the A/D
converter. When the A/D converter is not
used, connect this pin to the system
power supply.

AVss 4 1 Input Analog ground pin for the A/D converter.
Connect this pin to the system power
supply
(0 V).

VeL 13 10 Input Internal step-down power supply pin.
Connect a capacitor of around 0.1 uF
between this pin and the Vss pin for
stabilization.

Clock pins  OSCH1 18 15 Input These pins connect with crystal or

0SC2/ 17 14 Output ceramic resonator for the system clock, or

CLKOUT can be used to input an external clock.
When using the on-chip oscillator, the
system clock can be output from OSC2
pin.
See section 5, Clock Pulse Generators,
for a typical connection.

X1 12 9 Input These pins connect with a 32.768 kHz
X2 11 8 Outout crystal resonator for the subclock. See
utpu section 5, Clock Pulse Generators, for a
typical connection.

System RES 14 11 Input Reset pin. The pull-up resistor (typ.150
control kQ) is incorporated. When driven low, the
chip is reset.

TEST 15 12 Input Test pin. Connect this pin to Vss.
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Pin No.
Type Symbol FP-100A FP-100U I/O Functions
External NMI 20 17 Input Non-maskable interrupt request input pin.
g‘_:ifrupt Be sure to pull-up by a pull-up resistor.
i

IRQO to 69,71to 66,68, Input External interrupt request input pins. Can

IRQ3 73 69, 70 select the rising or falling edge.

WKPOto 74to79 71to76 Input External interrupt request input pins. Can

WKP5 select the rising or falling edge.

RTC TMOW 65 62 Output  This is an output pin for divided clocks.

TimerB1  TMIB1 71 68 Input External event input pin.

Timer V TMOV 91 88 Output  This is an output pin for waveforms
generated by the output compare function.

TMCIV 90 87 Input External event input pin.

TMRIV 89 86 Input Counter reset input pin.

TRGV 73 70 Input Count start trigger input pin.

Timer RC  FTCI 56 53 Input External event input pin.

FTIOAto 49to52 46t049 1/0O Output compare output/input capture

FTIOD input/PWM output pin.

TRGC 49 46 Input External trigger input pin.

TRCOI 8 5 Input Input pin for the timer output
enable/disable signal.

Timer FTIOAO 40 37 I/0 Output compare output/input capture
RD_0 input/external clock input pin.

FTIOBO 41 38 I/0 Output compare output/input capture
input/PWM output pin.

FTIOCO 43 40 I/0 Output compare output/input capture
input/PWM synchronous output pin (at a
reset or in complementary PWM mode).

FTIODO 44 41 I/0 Output compare output/input capture
input/PWM output pin.

FTIOA1 45 42 I/0 Output compare output/input capture
input/PWM output pin (at a reset or in
complementary PWM mode).

FTIOB1to 46t048 43t045 1/0 Output compare output/input capture

FTIOD1 input/PWM output pin.

TRDOI_O 9 6 Input Input pin for the timer output
enable/disable signal.
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Pin No.
Type Symbol FP-100A FP-100U 1/O Functions
Timer FTIOA2 32 29 I/0 Output compare output/input capture
RD_1 input/external clock input pin

FTIOB2 33 30 I/0 Output compare output/input capture
input/PWM output pin

FTIOC2 34 31 I/0 Output compare output/input capture
input/PWM synchronous output pin (at a
reset or in complementary PWM mode)

FTIOD2 35 32 I/0 Output compare output/input capture
input/PWM output pin

FTIOAS 36 33 I/0 Output compare output/input capture
input/PWM output pin (at a reset or in
complementary PWM mode)

FTIOB3to 37t039 341036 I/O Output compare output/input capture

FTIOD3 input/PWM output pin

TRDOI_1 10 7 Input Input pin for the timer output
enable/disable signal.

I’C bus SDA 84 81 I/0 IIC data I/O pin. Can directly drive a bus

interface 2 by NMOS open-drain output. When using

(nca) this pin, external pull-up resistor is
required.

SCL 85 82 I/0 IIC clock I/O pin. Can directly drive a bus
by NMOS open-drain output. When using
this pin, external pull-up resistor is
required.

Serial com- TXD, 59, 56, Output  Transmit data output pin
munication TXD_2, 88, 85,
interface 3 TXD_3 55 52

, 58, 55, nput eceive data input pin
(SCI3)  Rxp 8 | Receive data input pi

RXD_2, 87, 84,

RXD_3 54 51

SCKa3, 57, 54, IO Clock 1/0 pin

SCK3_2, 86, 83,

SCK3_3 53 50
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Pin No.
Type Symbol FP-100A  FP-100U 1/O Functions
14-bit PWM 66 63 Output 14-bit PWM square wave output pin
PWM
A/D AN15t0 10t08,6, 7105, Input  Analog input pin
converter ANO 5,3to1, 3,2,
100t0 93 100 to 90

ADTRG 53 50 Input  Conversion start trigger input pin
/O ports  PF7to 100t0 93 971090 Input  8-bit input port

PFO

P17 to 73 to 71, 70to 68, 1/O 7-bit 1/0 port

P14, 69, 68, 66, 66, 65,

P12 to 65 63, 62

P10

P27 to 64 to 57 61to54 I/O 8-bit I/O port

P20

P37 to 24 to 31 21t028 1I/O 8-bit 1/0O port

P30

P57 to 85,84,79 82,81, I/0 8-bit I/O port

P50 to 74 76 to 71

P77 to 92 to 89, 89to 86, 1/O 7-bit 1/0 port

P74, 88 to 86 85 to 83

P72 to

P70

P87 to 21to 23 18020 1/O 3-bit 1/0O port

P85

PC3 to 83 to 80 80to77 1/0 4-bit I/O port

PCO

PD7 to 48 to 43, 4510 40, 1/O 8-bit 1/0 port

PDO 41, 40 38, 37

PE7 to 39 to 32 36t029 /O 8-bit 1/0 port

PEO

PG7 to 10t0 8,6, 7to5, 1/10 8-bit I/0 port

PGO 5,3to1 3,2,

100 to 98

PH7 to 52 to 49, 49to 46, 1/O 8-bit 1/0 port

PHO 56 to 53 53 to 50

PJ1,PJO 17,18 14,15 IO 2-bit I/0 port
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Section 2 CPU

This LSI has an H8/300H CPU with an internal 32-bit architecture that is upward-compatible with
the H8/300CPU, and supports only advanced mode, which has a 16-Mbyte address space.

Upward-compatible with H8/300 CPUs

Can execute H8/300 CPUs object programs

Additional eight 16-bit extended registers

32-bit transfer and arithmetic and logic instructions are added
Signed multiply and divide instructions are added.
General-register architecture

Sixteen 16-bit general registers also usable as sixteen 8-bit registers and eight 16-bit registers,
or eight 32-bit registers

62 basic instructions

8/16/32-bit data transfer and arithmetic and logic instructions
Multiply and divide instructions

Powerful bit-manipulation instructions

Eight addressing modes

Register direct [Rn]

Register indirect [@ERn]

Register indirect with displacement [@(d:16,ERn) or @(d:24,ERn)]
Register indirect with post-increment or pre-decrement [ @ERn+ or @—ERn]
Absolute address [@aa:8, @aa:16, @aa:24]

Immediate [#xx:8, #xx:16, or #xx:32]

Program-counter relative [@(d:8,PC) or @(d:16,PC)]
Memory indirect [@ @aa:8§]

16-Mbyte address space

High-speed operation

All frequently-used instructions execute in two to four states
8/16/32-bit register-register add/subtract: 2 state

8 x 8-bit register-register multiply: 14 states

16 + 8-bit register-register divide: 14 states

16 x 16-bit register-register multiply: 22 states

32 + 16-bit register-register divide: 22 states
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e Power-down state

Transition to power-down state by SLEEP instruction

21 Address Space and Memory Map

The address space of this LSI is 16 Mbytes, which includes the program area and data area.

Figure 2.1 shows the memory map.

H'000000
H'0000A7
H'0000A8

H'01EFFF
H'01F000

HO1FFFF

HFFE400

HFFEFFF

H'FFF100
HFFF77F
HFFF780

HFFFB7F
HFFFB80

HFFFF7F
HFFFF80

HFFFFFF

HD64F36109
HD64F36109G
(Flash memory version)

Interrupt vector

On-chip ROM
(128 kbytes)

E7 firmware area
(4 kbytes)

Reserved area

On-chip RAM
(3 kbytes)

' |
! Reserved area '

Internal I/O register

(1-kbyte work area

for flash memory
programming)

| -~ On-chip RAM . _ _ |

(2 kbytes)

(1-kbyte user area)

Internal I/O register

Figure2.1 Memory Map
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2.2 Register Configuration

The H8/300H CPU has the internal registers shown in figure 2.2. There are two types of registers;
general registers and control registers. The control registers are a 24-bit program counter (PC), and
an 8-bit condition-code register (CCR).

General Registers (ERn)

15 07 07 0
ERO EO ROH ROL
ER1 E1 R1H R1L
ER2 E2 R2H R2L
ER3 E3 R3H R3L
ER4 E4 R4H R4L
ER5 E5 R5H R5L
ER6 E6 R6H R6L
ER7 E7 (SP) R7H R7L
Control Registers (CR)
23 0
PC | |
76543210
R UH[UNTZ[VIC]
Logen e I EMNENE
SP:  Stack pointer H: Half-carry flag
PC: Program counter U: User bit
CCR: Condition-code register N: Negative flag
I: Interrupt mask bit Z: Zero flag
Ul:  User bit V: Overflow flag
C: Carry flag

Figure2.2 CPU Registers

RENESAS
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221 General Registers

The H8/300H CPU has eight 32-bit general registers. These general registers are all functionally
identical and can be used as both address registers and data registers. When a general register is
used as a data register, it can be accessed as a 32-bit, 16-bit, or 8-bit register. Figure 2.3 illustrates
the usage of the general registers. When the general registers are used as 32-bit registers or address
registers, they are designated by the letters ER (ERO to ER7).

The ER registers divide into 16-bit general registers designated by the letters E (EO to E7) and R
(RO to R7). These registers are functionally equivalent, providing a maximum of sixteen 16-bit
registers. The E registers (EO to E7) are also referred to as extended registers.

The R registers divide into 8-bit registers designated by the letters RH (ROH to R7H) and RL (ROL
to R7L). These registers are functionally equivalent, providing a maximum of sixteen 8-bit
registers.

The usage of each register can be selected independently.

* Address registers * 16-bit registers * 8-bit registers
* 32-bit registers
E registers (extended registers)
(EO to E7)
ER registers RH registers
(ERO to ER7) (ROH to R7H)
R registers
(RO to R7)
RL registers
(ROL to R7L)

Figure2.3 Usage of General Registers

General register ER7 has the function of stack pointer (SP) in addition to its general-register
function, and is used implicitly in exception handling and subroutine calls. Figure 2.4 shows the
relationship between the stack pointer and the stack area.
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/\_/n

Empty area

SP (ER7) —»| y

Stack area

/\/

Figure2.4 Relationship between Stack Pointer and Stack Area

222 Program Counter (PC)

This 24-bit counter indicates the address of the next instruction the CPU will execute. The length
of all CPU instructions is 2 bytes (one word), so the least significant PC bit is ignored. (When an
instruction is fetched, the least significant PC bit is regarded as 0). The PC is initialized when the
start address is loaded by the vector address generated during reset exception-handling sequence.

223 Condition-Code Register (CCR)

This 8-bit register contains internal CPU status information, including an interrupt mask bit (I) and
half-carry (H), negative (N), zero (Z), overflow (V), and carry (C) flags. The I bit is initialized to 1
by reset exception-handling sequence, but other bits are not initialized.

Some instructions leave flag bits unchanged. Operations can be performed on the CCR bits by the
LDC, STC, ANDC, ORC, and XORC instructions. The N, Z, V, and C flags are used as branching
conditions for conditional branch (Bcc) instructions.

For the action of each instruction on the flag bits, see appendix A.1, Instruction List.
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Bit

Bit Name

Initial
Value

R/W

Description

1

R/W

Interrupt Mask Bit

Masks interrupts other than NMI when set to 1. NMl is
accepted regardless of the | bit setting. The | bit is set to
1 at the start of an exception-handling sequence.

ul

Undefined

User Bit

Can be written and read by software using the LDC,
STC, ANDC, ORC, and XORC instructions.

Undefined

R/W

Half-Carry Flag

When the ADD.B, ADDX.B, SUB.B, SUBX.B, CMP.B,
or NEG.B instruction is executed, this flag is set to 1 if
there is a carry or borrow at bit 3, and cleared to 0
otherwise. When the ADD.W, SUB.W, CMP.W, or
NEG.W instruction is executed, the H flag is set to 1 if
there is a carry or borrow at bit 11, and cleared to 0
otherwise. When the ADD.L, SUB.L, CMP.L, or NEG.L
instruction is executed, the H flag is set to 1 if there is a
carry or borrow at bit 27, and cleared to 0 otherwise.

Undefined

User Bit

Can be written and read by software using the LDC,
STC, ANDC, ORC, and XORC instructions.

Undefined

R/W

Negative Flag

Stores the value of the most significant bit of data as a
sign bit.

Undefined

Zero Flag

Set to 1 to indicate zero data, and cleared to 0 to
indicate non-zero data.

Undefined

Overflow Flag

Set to 1 when an arithmetic overflow occurs, and
cleared to 0 at other times.

Undefined

Carry Flag

Set to 1 when a carry occurs, and cleared to 0
otherwise. Used by:

e Add instructions, to indicate a carry
e Subtract instructions, to indicate a borrow
¢ Shift and rotate instructions, to indicate a carry

The carry flag is also used as a bit accumulator by bit
manipulation instructions.
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2.3 Data Formats

The H8/300H CPU can process 1-bit, 4-bit (BCD), 8-bit (byte), 16-bit (word), and 32-bit
(longword) data. Bit-manipulation instructions operate on 1-bit data by accessing bitn (n=0, 1, 2,
..., 7) of byte operand data. The DAA and DAS decimal-adjust instructions treat byte data as two
digits of 4-bit BCD data.

231 General Register Data Formats

Figure 2.5 shows the data formats in general registers.

Data Type General Register Data Format
7 0
1-bit data RnH 71615141321 1§o| Don't care !
___________________ 7 0
' Don* | [P I A RN B |
1-bit data RnL L Domteae 716514:8121110
7 43 o i
4-bit BCD data RnH | Upper | Lower | Don't care i
.................. J
___________________ 7 4 3 0
4-bit BCD data RnL E Don't care | Upper | Lower |
7 0
Byte data RnH T R T R | Don't care E
MSB tse T
___________________ 7 0
Byte data RnL E Don't care | pror o
"""""""""" MSB LSB

Figure2.5 General Register Data Formats (1)
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Data Type

Word data

Word data

Longword
data

[Legend]

ERn: General register ER
En:  General register E
Rn:  General register R
RnH: General register RH
RnL: General register RL
MSB: Most significant bit
LSB: Least significant bit

General
Register

Rn

ERn

Data Format

|15..... IO
|\/|ISBIIII LISB
15...............0
BERERERRRREREERE
MSB LSB
31 16 15 0
EEREEEEREREEEEEEEEREE :
MSB LSB

Figure2.5 General Register Data Formats (2)
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232 Memory Data For mats

Figure 2.6 shows the data formats in memory. The H8/300H CPU can access word data and
longword data in memory, however word or longword data must begin at an even address. If an
attempt is made to access word or longword data at an odd address, an address error does not
occur, however the least significant bit of the address is regarded as 0, so access begins the
preceding address. This also applies to instruction fetches.

When ER7 (SP) is used as an address register to access the stack area, the operand size should be

word or longword.

Data Type

1-bit data

Byte data

Word data

Longword data

Address Data Format
/\/
7 0
Address L 7|6|5|4|3|2|1|0
Address L MBI ! ! ! I ! 'LSB

Address 2M MSB.

Address 2M+1 i LSB
Address 2N MSB ! ' ! ! j : 1
Address 2N+1 : : : : : : :
Address 2N+2
Address 2N+3 ' ' ' ' ' ' ' LSB

/\/

Figure2.6 Memory Data Formats
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24 Instruction Set

241 List of Instructions Classified by Function

The H8/300H CPU has 62 instructions. Tables 2.2 to 2.9 summarize the instructions in each
functional category. The notation used in tables 2.2 to 2.9 is defined below.

Table2.1 Operation Notation

Symbol Description

Rd General register (destination)*
Rs General register (source)*
Rn General register*

ERn General register (32-bit register or address register)
(EAd) Destination operand
(EASs) Source operand

CCR Condition-code register

N N (negative) flag in CCR
z Z (zero) flag in CCR

\ V (overflow) flag in CCR
C C (carry) flag in CCR

PC Program counter

SP Stack pointer

#IMM Immediate data

disp Displacement

+ Addition

- Subtraction

x Multiplication

+ Division

A Logical AND

v Logical OR

@ Logical XOR

- Move

~ NOT (logical complement)
:3/:8/:16/:24 3-, 8-, 16-, or 24-bit length

Note: * General registers include 8-bit registers (ROH to R7H, ROL to R7L), 16-bit registers (RO
to R7, EO to E7), and 32-bit registers/address register (ERO to ER7).
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Table2.2 DataTransfer Instructions
Instruction Size* Function
MOV B/W/L  (EAs) » Rd, Rs — (EAd)
Moves data between two general registers or between a general register
and memory, or moves immediate data to a general register.
MOVFPE B (EAs) > Rd
Cannot be used in this LSI.
MOVTPE B Rs — (EAs)
Cannot be used in this LSI.
POP Wi/L @SP+ — Rn
Pops a general register from the stack. POP.W Rn is identical to
MOV.W @SP+, Rn. POP.L ERn is identical to MOV.L @SP+, ERn.
PUSH Wi/L Rn —» @-SP
Pushes a general register onto the stack. PUSH.W Rn is identical to
MOV.W Rn, @-SP. PUSH.L ERn is identical to MOV.L ERn, @—-SP.
[Legend]
B: Byte
W: Word
L: Longword

Note: * Refers to the operand size.

Rev. 1.50 Sep. 18,2007 Page 21 of 584
RENESAS REJ09B0240-0150



Section2 CPU

Table2.3 Arithmetic Operations Instructions (1)

Instruction Size* Function

ADD B/W/L Rd+Rs— Rd, Rdz+#MM— Rd

SuUB Performs addition or subtraction on data in two general registers, or on
immediate data and data in a general register (immediate byte data
cannot be subtracted from byte data in a general register. Use the SUBX
or ADD instruction.)

ADDX B Rd +Rs + C > Rd, Rd=z+ #IMM = C — Rd

SUBX Performs addition or subtraction with carry on byte data in two general
registers, or on immediate data and data in a general register.

INC B/WL Rd+1—>Rd, Rd+2—Rd

DEC Increments or decrements a general register by 1 or 2. (Byte operands
can be incremented or decremented by 1 only.)

ADDS L Rd+1—->Rd, Rd+2—>Rd, Rd+4 — Rd

SUBS Adds or subtracts the value 1, 2, or 4 to or from data in a 32-bit register.

DAA B Rd (decimal adjust) —» Rd

DAS Decimal-adjusts an addition or subtraction result in a general register by
referring to the CCR to produce 4-bit BCD data.

MULXU B/W Rd x Rs — Rd
Performs unsigned multiplication on data in two general registers: either
8 bits x 8 bits — 16 bits or 16 bits x 16 bits — 32 bits.

MULXS B/W Rd x Rs — Rd
Performs signed multiplication on data in two general registers: either 8
bits x 8 bits — 16 bits or 16 bits x 16 bits — 32 bits.

DIVXU B/W Rd + Rs —» Rd
Performs unsigned division on data in two general registers: either 16
bits + 8 bits — 8-bit quotient and 8-bit remainder or 32 bits + 16 bits —
16-bit quotient and 16-bit remainder.

[Legend]

B: Byte

W: Word

L: Longword

Note: * Refers to the operand size.
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Table2.3 Arithmetic Operations Instructions (2)

Instruction Size* Function

DIVXS B/W Rd + Rs - Rd
Performs signed division on data in two general registers: either 16 bits
+ 8 bits — 8-bit quotient and 8-bit remainder or 32 bits + 16 bits — 16-bit
quotient and 16-bit remainder.

CMP B/W/L Rd-Rs, Rd-#IMM
Compares data in a general register with data in another general
register or with immediate data, and sets CCR bits according to the
result.

NEG B/W/L 0-Rd— Rd
Takes the two's complement (arithmetic complement) of data in a
general register.

EXTU Wi/L Rd (zero extension) — Rd
Extends the lower 8 bits of a 16-bit register to word size, or the lower 16
bits of a 32-bit register to longword size, by padding with zeros on the
left.

EXTS Wi/L Rd (sign extension) — Rd
Extends the lower 8 bits of a 16-bit register to word size, or the lower 16
bits of a 32-bit register to longword size, by extending the sign bit.

[Legend]

B: Byte

W: Word

L: Longword

Note: * Refers to the operand size.
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Table2.4 Logic Operations|Instructions

Instruction Size* Function

AND B/W/L RdARs—Rd, RdAa#MM — Rd
Performs a logical AND operation on a general register and another
general register or immediate data.

OR B/W/L RdvRs—Rd, Rdv#MM — Rd
Performs a logical OR operation on a general register and another
general register or immediate data.

XOR B/W/L Rd®Rs— Rd, Rd® #IMM — Rd
Performs a logical exclusive OR operation on a general register and
another general register or immediate data.

NOT B/W/L  ~ (Rd)— (Rd)
Takes the one's complement (logical complement) of general register
contents.

[Legend]

B: Byte

W: Word

L: Longword

Note: * Refers to the operand size.

Table25 Shift Instructions

Instruction Size* Function

SHAL B/W/L  Rd (shift) - Rd

SHAR Performs an arithmetic shift on general register contents.
SHLL B/W/L  Rd (shift) > Rd

SHLR Performs a logical shift on general register contents.
ROTL B/W/L  Rd (rotate) - Rd

ROTR Rotates general register contents.

ROTXL B/W/L  Rd (rotate) — Rd

ROTXR Rotates general register contents through the carry flag.
[Legend]

B: Byte

W: Word

L: Longword

Note: * Refers to the operand size.
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Table2.6 Bit Manipulation Instructions (1)

Instruction Size* Function

BSET B 1 — (<bit-No.> of <EAd>)
Sets a specified bit in a general register or memory operand to 1. The bit
number is specified by 3-bit immediate data or the lower three bits of a
general register.

BCLR B 0 — (<bit-No.> of <EAd>)
Clears a specified bit in a general register or memory operand to 0. The
bit number is specified by 3-bit immediate data or the lower three bits of
a general register.

BNOT B ~ (<bit-No.> of <EAd>) — (<bit-No.> of <EAd>)
Inverts a specified bit in a general register or memory operand. The bit
number is specified by 3-bit immediate data or the lower three bits of a
general register.

BTST B ~ (<bit-No.> of <EAd>) —» Z
Tests a specified bit in a general register or memory operand and sets
or clears the Z flag accordingly. The bit number is specified by 3-bit
immediate data or the lower three bits of a general register.

BAND B C A (<bit-No.> of <EAd>) - C
ANDs the carry flag with a specified bit in a general register or memory
operand and stores the result in the carry flag.

BIAND B C A ~ (<bit-No.> of <EAd>) — C
ANDs the carry flag with the inverse of a specified bit in a general
register or memory operand and stores the result in the carry flag.
The bit number is specified by 3-bit immediate data.

BOR B C v (<bit-No.> of <EAd>) —» C
ORs the carry flag with a specified bit in a general register or memory
operand and stores the result in the carry flag.

BIOR B C v ~ (<bit-No.> of <EAd>) — C
ORs the carry flag with the inverse of a specified bit in a general register
or memory operand and stores the result in the carry flag.
The bit number is specified by 3-bit immediate data.

[Legend]

B: Byte

Note: * Refers to the operand size.
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Table2.6 Bit Manipulation Instructions (2)

Instruction Size* Function

BXOR B C @ (<bit-No.> of <EAd>) —» C
XORs the carry flag with a specified bit in a general register or memory
operand and stores the result in the carry flag.

BIXOR B C @ ~ (<bit-No.> of <EAd>) - C
XORs the carry flag with the inverse of a specified bit in a general
register or memory operand and stores the result in the carry flag.
The bit number is specified by 3-bit immediate data.

BLD B (<bit-No.> of <EAd>) —» C
Transfers a specified bit in a general register or memory operand to the
carry flag.

BILD B ~ (<bit-No.> of <EAd>) —» C
Transfers the inverse of a specified bit in a general register or memory
operand to the carry flag.
The bit number is specified by 3-bit immediate data.

BST B C — (<bit-No.> of <EAd>)
Transfers the carry flag value to a specified bit in a general register or
memory operand.

BIST B ~ C —> (<bit-No.> of <EAd>)
Transfers the inverse of the carry flag value to a specified bit in a
general register or memory operand.
The bit number is specified by 3-bit immediate data.

[Legend]

B: Byte

Note: * Refers to the operand size.
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Table2.7

Instruction Size

Branch Instructions

Function

Bce* — Branches to a specified address if a specified condition is true. The
branching conditions are listed below.
Mnemonic Description Condition
BRA(BT) Always (true) Always
BRN(BF) Never (false) Never
BHI High CvZ=0
BLS Low or same CvZ=1
BCC(BHS) Carry clear C=0
(high or same)
BCS(BLO) Carry set (low) C=1
BNE Not equal Z=0
BEQ Equal Z=1
BVC Overflow clear V=0
BVS Overflow set V=1
BPL Plus N=0
BMI Minus N=1
BGE Greater or equal N®eV=0
BLT Less than N®V=1
BGT Greater than ZvIN®V)=0
BLE Less or equal Zv(N® V) =1
JMP — Branches unconditionally to a specified address.
BSR — Branches to a subroutine at a specified address.
JSR — Branches to a subroutine at a specified address.
RTS — Returns from a subroutine
Note: * Bcc is the general name for conditional branch instructions.

RENESAS

Rev. 1.50 Sep. 18,2007 Page 27 of 584

REJ09B0240-0150



Section2 CPU

Table2.8

System Control Instructions

Instruction Size*

Function

TRAPA — Starts trap-instruction exception handling.
RTE — Returns from an exception-handling routine.
SLEEP — Causes a transition to a power-down state.
LDC B/W (EAs) » CCR
Moves the source operand contents to the CCR. The CCR size is one
byte, but in transfer from memory, data is read by word access.
STC B/W CCR — (EAd)
Transfers the CCR contents to a destination location. The condition
code register size is one byte, but in transfer to memory, data is written
by word access.
ANDC B CCR A #IMM — CCR
Logically ANDs the CCR with immediate data.
ORC B CCR v #IMM — CCR
Logically ORs the CCR with immediate data.
XORC B CCR @ #IMM — CCR
Logically XORs the CCR with immediate data.
NOP — PC+2—>PC
Only increments the program counter.
[Legend]
B: Byte
W: Word
Note: * Refers to the operand size.
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Table2.9 Block Data Transfer Instructions

Instruction Size Function
EEPMOV.B — if R4L = 0 then
Repeat @ ER5+ - @ERG6+,
R4L-1 — R4L
Until R4L =0
else next;
EEPMOV.W — if R4 = 0 then
Repeat @ER5+ — @ERG6+,
R4-1 —» R4
UntilR4 =0
else next;

Transfers a data block. Starting from the address set in ER5, transfers
data for the number of bytes set in R4L or R4 to the address location set
in ER6.

Execution of the next instruction begins as soon as the transfer is
completed.
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24.2 Basic I nstruction Formats

HS8/300H CPU instructions consist of 2-byte (1-word) units. An instruction consists of an
operation field (op), a register field (r), an effective address extension (EA), and a condition field

(co).
Figure 2.7 shows examples of instruction formats.
(1) Operation Field

Indicates the function of the instruction, the addressing mode, and the operation to be carried out
on the operand. The operation field always includes the first four bits of the instruction. Some
instructions have two operation fields.

(2) Register Field

Specifies a general register. Address registers are specified by 3 bits, and data registers by 3 bits or
4 bits. Some instructions have two register fields. Some have no register field.

(3) Effective Address Extension

8, 16, or 32 bits specifying immediate data, an absolute address, or a displacement. A 24-bit
address or displacement is treated as a 32-bit data in which the upper 8 bits are 0 (H'00).

(4) Condition Field

Specifies the branching condition of Bcc instructions.

(1) Operation field only

| op | NOP, RTS, etc.

(2) Operation field and register fields

| op | rn | rm | ADD.B Rn, Rm, etc.

(3) Operation field, register fields, and effective address extension

op | rn | rm

MOV.B @(d:16, Rn), Rm
EA(disp)

(4) Operation field, effective address extension, and condition field
op cc | EA(disp) BRA d:8

Figure2.7 Instruction Formats
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2.5 Addressing M odes and Effective Address Calculation

251 Addressing M odes

The H8/300H CPU supports the eight addressing modes listed in table 2.10. Each instruction uses
a subset of these addressing modes. Addressing modes that can be used differ depending on the
instruction. For details, refer to appendix A.4, Combinations of Instructions and Addressing
Modes.

Arithmetic and logic instructions can use the register direct and immediate modes. Data transfer
instructions can use all addressing modes except program-counter relative and memory indirect.
Bit-manipulation instructions use register direct, register indirect, or the absolute addressing mode
(@aa:8) to specify an operand, and register direct (BSET, BCLR, BNOT, and BTST instructions)
or immediate (3-bit) addressing mode to specify a bit number in the operand.

Table2.10 Addressing Modes

No. Addressing Mode Symbol
1 Register direct Rn
2 Register indirect @ERN
3 Register indirect with displacement @(d:16,ERn)/@(d:24,ERn)
4 Register indirect with post-increment @ERN+
Register indirect with pre-decrement @-ERn
5 Absolute address @aa:8/@aa:16/@aa:24
6 Immediate #xx:8/#xx:16/#xx:32
7 Program-counter relative @(d:8,PC)/@(d:16,PC)
8 Memory indirect @ @aa:8

(1) Register Direct—Rn

The register field of the instruction specifies an 8-, 16-, or 32-bit general register containing the
operand. ROH to R7H and ROL to R7L can be specified as 8-bit registers. RO to R7 and EO to E7
can be specified as 16-bit registers. ERO to ER7 can be specified as 32-bit registers.

(2) Register Indirect—@ERN

The register field of the instruction code specifies an address register (ERn), the lower 24 bits of
which contain the address of the operand on memory.
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(3) Register Indirect with Displacement—@(d: 16, ERn) or @(d:24, ERn)

A 16-bit or 24-bit displacement contained in the instruction is added to an address register (ERn)
specified by the register field of the instruction, and the lower 24 bits of the sum the address of a
memory operand. A 16-bit displacement is sign-extended when added.

(4) Register Indirect with Post-Increment or Pre-Decrement—@ERN+ or @-ERN

e Register indirect with post-increment—@ERn+
The register field of the instruction code specifies an address register (ERn) the lower 24 bits
of which contains the address of a memory operand. After the operand is accessed, 1, 2, or 4 is
added to the address register contents (32 bits) and the sum is stored in the address register.
The value added is 1 for byte access, 2 for word access, or 4 for longword access. For the word
or longword access, the register value should be even.

e Register indirect with pre-decrement— @-ERn
The value 1, 2, or 4 is subtracted from an address register (ERn) specified by the register field
in the instruction code, and the lower 24 bits of the result is the address of a memory operand.
The result is also stored in the address register. The value subtracted is 1 for byte access, 2 for
word access, or 4 for longword access. For the word or longword access, the register value
should be even.

(5) Absolute Address—@aa:8, @aa: 16, @aa: 24

The instruction code contains the absolute address of a memory operand. The absolute address
may be 8 bits long (@aa:8), 16 bits long (@aa:16), 24 bits long (@aa:24)

For an 8-bit absolute address, the upper 16 bits are all assumed to be 1 (H'FFFF). For a 16-bit
absolute address the upper 8 bits are a sign extension. A 24-bit absolute address can access the
entire address space.

The access ranges of absolute addresses for the group of this LSI are those shown in table 2.11.

Table2.11 Absolute Address Access Ranges

Absolute Address Access Range

8 bits (@aa:8) H'FFFFO00 to H'FFFFFF

16 bits (@aa:16) H'000000 to H'007FFF
H'FF8000 to H'FFFFFF

24 bits (@aa:24) H'000000 to H'FFFFFF
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(6) Immediate—#xx:8, #xx:16, or #xx:32

The instruction contains 8-bit (#xx:8), 16-bit (#xx:16), or 32-bit (#xx:32) immediate data as an
operand.

The ADDS, SUBS, INC, and DEC instructions contain immediate data implicitly. Some bit
manipulation instructions contain 3-bit immediate data in the instruction code, specifying a bit
number. The TRAPA instruction contains 2-bit immediate data in its instruction code, specifying a
vector address.

(7) Program-Counter Relative—@(d:8, PC) or @(d:16, PC)

This mode is used in the BSR instruction. An 8-bit or 16-bit displacement contained in the
instruction is sign-extended and added to the 24-bit PC contents to generate a branch address. The
PC value to which the displacement is added is the address of the first byte of the next instruction,
so the possible branching range is —126 to +128 bytes (—63 to +64 words) or —32766 to +32768
bytes (—16383 to +16384 words) from the branch instruction. The resulting value should be an
even number.

(80 Memory Indirect—@@aa: 8

This mode can be used by the JMP and JSR instructions. The instruction code contains an 8-bit
absolute address specifying a memory operand. This memory operand contains a branch address.
The memory operand is accessed by longword access. The first byte of the memory operand is
ignored, generating a 24-bit branch address. Figure 2.8 shows how to specify branch address for in
memory indirect mode.

The upper bits of the absolute address are all assumed to be 0, so the address range is 0 to 255
(H'0000 to H'OOFF). Note that the first part of the address range is also the exception vector area.

\/\

Specified —» Dummy
by @aa:8

Branch address

\/\

Figure2.8 Branch Address Specification in Memory Indirect Mode
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25.2 Effective Address Calculation

Table 2.12 indicates how effective addresses are calculated in each addressing mode. In this LSI, a
24-bit effective address is generated.

Table2.12 Effective Address Calculation (1)

No Addressing Mode and Instruction Format Effective Address Calculation Effective Address (EA)

1 Register direct(Rn)
[ o [m]~]
2 Register indirect(@ERn) 31 0 23 0

| General register contents |——’|
Lo [r] ]

3 | Register indirect with displacement
@(d:16,ERn) or @(d:24,ERn) 31 0

I General register contents

disp |
31
| Sign extension | disp

Operand is general register contents.

23 0

Lo [r]

o

4 Register indirect with post-increment or

pre-decrement 31 )
*Register indirect with post-increment @ ERn+ [ N
| General register contents
[}
*Register indirect with pre-decrement @-ERn 31
i General register contents 0
A

Lo ] ]
The value to be added or subtracted is 1 when the

operand is byte size, 2 for word size, and 4 for
longword size.
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Table2.12 Effective Address Calculation (2)

No Addressing Mode and Instruction Format Effective Address Calculation Effective Address (EA)
5 Absolute address
@aa:8 23 87 0
[weree [ ]
@aa:16 23 16 15 0
| op | abs | | Sign extensionl |
@aa:24
op 23 0
abs | |
6 Immediate
X8/ 16/#xx:32 Operand is immediate data.
op IMM
7 Program-counter relative 23 0
@(d:8,PC) @(d:16,PC) | PC contents }—‘
op disp
23 0
8 Memory indirect @ @aa:8
‘ B !
(& [ ] N
15 0 23 16 15 0
[ seravemens H——{ o0 |
[Legend]
r,rm,r : Register field
op: Operation field
disp : Displacement
IMM : Immediate data
abs : Absolute address
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2.6 Basic Bus Cycle

CPU operation is synchronized by a system clock (¢) or a subclock (¢g,,). The period from a rising
edge of ¢ or ¢, to the next rising edge is called one state. A bus cycle consists of two states or
three states. The cycle differs depending on whether access is to on-chip memory or to on-chip
peripheral modules.

26.1 Accessto On-Chip Memory (RAM, ROM)

Access to on-chip memory takes place in two states. The data bus width is 16 bits, allowing access
in byte or word size. Figure 2.9 shows the on-chip memory access cycle.

B Bus cycle _

1 1
| ! i
<— Tystate —»<— Tpstate —
i i
1 1

1

Internal address bus

|
i

Internal read signal i \
:

Internal data bus ! Read data

(read access) J

1

1

1

. . !

Internal write signal !
1

1

>
D

Address

I

L

Internal data bus
(write access)

Write data 9—

I

Figure2.9 On-Chip Memory Access Cycle

Rev. 1.50 Sep. 18,2007 Page 36 of 584
REJ09B0240-0150 RENESAS




Section2 CPU

26.2 On-Chip Peripheral Modules

On-chip peripheral modules are accessed in two to four states. The data bus width is 8 bits or 16
bits depending on the register. For details on the data bus width and number of accessing states of
each register, refer to section 22, List of Registers. Registers with 16-bit data bus width can be
accessed only in words. Registers with 8-bit data bus width can be accessed in bytes or words.
When a register with 8-bit data bus width is accessed in words, two bus cycles for byte access are
generated. In two-state access, the operation timing is the same as that for the on-chip memory.
Figure 2.10 shows the operation timing in three-state access. In four-state access, a wait cycle is
inserted between T, state and T, state.

_ Bus cycle i

\
i ' ' i
<— Ty state —>j<— T, state —><+— T;state —

Internal

address bus .X Address ' x
1 : :

Internal : : .

read signal ! \ : /_;_

1 1
Internal : :
data bus 3—( Read data '
(read access)

1
5 :
! |
! / :
1
! 1
Internal : 4
data bus Write data 9—
(write access) T

-

1

i

Internal i
write signal |
1

1

I

1

1

s

Figure2.10 On-Chip Peripheral Module Access Cycle (3-State Access)
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2.7 CPU States

There are four CPU states: the reset state, program execution state, program halt state, and
exception-handling state. The program execution state includes active mode and subactive mode.
For the program halt state, there are a sleep mode, standby mode, and sub-sleep mode. These
states are shown in figure 2.11. Figure 2.12 shows the state transitions. For details on program
execution state and program halt state, refer to section 6, Power-Down Modes. For details on
exception processing, refer to section 3, Exception Handling.

CPU state Reset state

The CPU is initialized

Program ] Active
execution state (high speed) mode
The CPU executes successive program
instructions at high speed,
synchronized by the system clock

Subactive mode  f------------4

The CPU executes successive program
instructions at reduced speed,
synchronized by the subclock

I Program halt state Sleep mode ~ f------------

A state in which some
or all of the chip Standby mode ~ f------------1
functions are stopped
to conserve power

Subsleep mode  |------------- '

Exception-
handling state

A transient state in which the CPU changes
the processing flow due to a reset or an interrupt

Figure2.11 CPU Operation States

Rev. 1.50 Sep. 18,2007 Page 38 of 584
REJ09B0240-0150 RENESAS




Section2 CPU

Reset cleared

Reset state Exception-handling state

———————————
Reset occurs

Reset
occurs

Interrupt
source

Reset Interrupt Exception-
occurs source handling
complete

Program halt state

- Program execution state
SLEEP instruction executed

Figure2.12 State Transitions
2.8 Usage Notes

2.8.1 Notes on Data Accessto Empty Areas

The address space of this LSI includes empty areas in addition to the ROM, RAM, and on-chip
I/O registers areas available to the user. When data is transferred from CPU to empty areas, the
transferred data will be lost. This action may also cause the CPU to malfunction. When data is
transferred from an empty area to CPU, the contents of the data cannot be guaranteed.

2.8.2 EEPMOV Instruction

EEPMOV is a block-transfer instruction and transfers the byte size of data indicated by R4 or
R4L, which starts from the address indicated by ERS, to the address indicated by ER6. Set R4 or
R4L and ERG6 so that the end address of the destination address (value of ER6 + R4 or ER6 + R4L)
does not exceed H'FFFFFF (the value of ER6 must not change from H'FFFFFF to H'000000
during execution).

283 Bit Manipulation Instruction

The BSET, BCLR, BNOT, BST, and BIST instructions read data from the specified address in
byte units, manipulate the data of the target bit, and write data to the same address again in byte
units. Special care is required when using these instructions in cases where two registers are
assigned to the same address, or when a bit is directly manipulated for a port or a register
containing a write-only bit, because this may rewrite data of a bit other than the bit to be
manipulated.
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(1) Bit manipulation for two registersassigned to the same address
Example 1. Bit manipulation for thetimer load register and timer counter
(Applicablefor timer B1in the H8/36109 Group.)

Figure 2.13 shows an example of a timer in which two timer registers are assigned to the same
address. When a bit-manipulation instruction accesses the timer load register and timer counter of
a reloadable timer, since these two registers share the same address, the following operations takes
place.

1. Data is read in byte units.
2. The CPU sets or resets the bit to be manipulated with the bit-manipulation instruction.

3. The written data is written again in byte units to the timer load register.

The timer is counting, so the value read is not necessarily the same as the value in the timer load
register. As a result, bits other than the intended bit in the timer counter may be modified and the
modified value may be written to the timer load register.

Read
Count clock —» Timer counter >
A
Reload
Write
Timer load register i

Internal data bus

Figure2.13 Example of Timer Configuration with
Two Registers Allocated to Same Address
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Example 2: The BSET instruction is executed for port 5.

P57 and P56 are input pins, with a low-level signal input at P57 and a high-level signal input at
P56. P55 to P50 are output pins and output low-level signals. An example to output a high-level

signal at P50 with a BSET instruction is shown below.

e Prior to executing BSET instruction

P57 P56 P55 P54 P53 P52 P51 P50
Input/output Input Input Output  Output  Output Output Output  Output
Pin state Low High Low Low Low Low Low Low
level level level level level level level level
PCR5 0 0 1 1 1 1 1 1
PDR5 1 0 0 0 0 0 0 0
o BSET instruction executed instruction
BSET #0, @PDR5 The BSET instruction is executed for port 5.
o After executing BSET instruction
P57 P56 P55 P54 P53 P52 P51 P50
Input/output Input Input Output  Output  Output Output Output  Output
Pin state Low High Low Low Low Low Low High
level level level level level level level level
PCR5 0 0 1 1 1 1 1 1
PDR5 0 1 0 0 0 0 0 1

e Description on operation
1. When the BSET instruction is executed, first the CPU reads port 5.

Since P57 and P56 are input pins, the CPU reads the pin states (low-level and high-level

input).

P55 to P50 are output pins, so the CPU reads the value in PDRS. In this example PDRS has a

value of H'80, but the value read by the CPU is H'40.
2. Next, the CPU sets bit 0 of the read data to 1, changing the PDRS data to H'41.
3. Finally, the CPU writes H'41 to PDRS, completing execution of BSET instruction.
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As aresult of the BSET instruction, bit O in PDRS becomes 1, and P50 outputs a high-level
signal. However, bits 7 and 6 of PDRS end up with different values. To prevent this problem,
store a copy of the PDRS data in a work area in memory. Perform the bit manipulation on the
data in the work area, then write this data to PDRS.

e Prior to executing BSET instruction

MOV.B #80, ROL The PDRS value (H'80) is written to a work area in

MOV. B ROL,  @RAMO memory (RAMO) as well as to PDRS.
MOV.B ROL, @PDR5

P57 P56 P55 P54 P53 P52 P51 P50
Input/output Input Input Output  Output  Output Output Output  Output
Pin state Low High Low Low Low Low Low Low

level level level level level level level level
PCR5 0 0 1 1 1 1 1 1
PDR5 1 0 0 0 0 0 0 0
RAMO 1 0 0 0 0 0 0 0

e BSET instruction executed

BSET #0, @RAMO The BSET instruction is executed designating the PDR5
work area (RAMO).

e After executing BSET instruction

MOV .B @RAMO, ROL The work area (RAMO) value is written to PDRS5.
MOV.B ROL, @PDR5

P57 P56 P55 P54 P53 P52 P51 P50
Input/output Input Input Output  Output  Output Output Output  Output
Pin state Low High Low Low Low Low Low High

level level level level level level level level
PCR5 0 0 1 1 1 1 1 1
PDR5 1 0 0 0 0 0 0 1
RAMO 1 0 0 0 0 0 0 1
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(2) Bit Manipulation in a Register Containing a Write-Only Bit
Example 3: BCLR instruction executed designating port 5 control register PCR5

P57 and P56 are input pins, with a low-level signal input at P57 and a high-level signal input at
P56. P55 to P50 are output pins that output low-level signals. An example of setting the P50 pin as
an input pin by the BCLR instruction is shown below. It is assumed that a high-level signal will be
input to this input pin.

e Prior to executing BCLR instruction
P57 P56 P55 P54 P53 P52 P51 P50

Input/output Input Input Output  Output  Output Output Output  Output

Pin state Low High Low Low Low Low Low Low
level level level level level level level level

PCR5 0 0 1 1 1 1 1 1

PDR5 1 0 0 0 0 0 0 0

e BCLR instruction executed

BCLR #0, @PCR5 The BCLR instruction is executed for PCRS.

e After executing BCLR instruction
P57 P56 P55 P54 P53 P52 P51 P50

Input/output Output  Output Output Output Output Output Output Input

Pin state Low High Low Low Low Low Low High
level level level level level level level level

PCR5 1 1 1 1 1 1 1 0

PDR5 1 0 0 0 0 0 0 0

e Description on operation
1. When the BCLR instruction is executed, first the CPU reads PCRS. Since PCRS is a write-only
register, the CPU reads a value of H'FF, even though the PCRS value is actually H'3F.

2. Next, the CPU clears bit 0 in the read data to 0, changing the data to H'FE.
3. Finally, HFE is written to PCRS and BCLR instruction execution ends.
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As aresult of this operation, bit 0 in PCRS5 becomes 0, making P50 an input port. However, bits 7
and 6 in PCRS change to 1, so that P57 and P56 change from input pins to output pins. To prevent
this problem, store a copy of the PCRS data in a work area in memory and manipulate data of the

bit in the work area, then write this data to PCRS.

e Prior to executing BCLR instruction

MOV.B #3F, ROL The PCRS5 value (H'3F) is written to a work area in

MOV. B ROL,  @RAMO memory (RAMO) as well as to PCRS.
MOV.B ROL, @PCR5

P57 P56 P55 P54 P53 P52 P51 P50
Input/output Input Input Output  Output  Output Output Output  Output
Pin state Low High Low Low Low Low Low Low

level level level level level level level level
PCR5 0 0 1 1 1 1 1 1
PDR5 1 0 0 0 0 0 0 0
RAMO 0 0 1 1 1 1 1 1

e BCLR instruction executed

BCLR #0, @RAMO The BCLR instructions executed for the PCRS5 work area
(RAMO).

e After executing BCLR instruction

MOV .B @RAMO, ROL The work area (RAMO) value is written to PCR5.
MOV.B ROL, @PCR5

P57 P56 P55 P54 P53 P52 P51 P50
Input/output Input Input Output  Output  Output Output Output  Output
Pin state Low High Low Low Low Low Low High

level level level level level level level level
PCR5 0 0 1 1 1 1 1 0
PDR5 1 0 0 0 0 0 0 0
RAMO 0 0 1 1 1 1 1 0
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Section 3 Exception Handling

Exception handling is caused by a reset, a trap instruction (TRAPA), or interrupts.

Reset

A reset has the highest exception priority. Exception handling starts after the reset state is
cleared by a negation of the RES signal. Exception handling is also started when the watchdog
timer overflows. The exception handling executed at this time is the same as that for a reset by
the RES pin.

Trap Instruction

Exception handling starts when a trap instruction (TRAPA) is executed. A vector address
corresponding to a vector number from 0 to 3 which are specified in the instruction code is
generated. Exception handling can be executed at all times in the program execution state,
regardless of the setting of the I bit in CCR.

Interrupts

External interrupts other than the NMI and internal interrupts other than the address break are
masked by the I bit in CCR, and kept pending while the I bit is set to 1. Exception handling
starts when the current instruction or exception handling ends, if an interrupt is requested.

Priority level

The priority levels of interrupt sources other than the NMI and address break can be set for
each module by the interrupt control register (ICR).

31 Exception Sourcesand Vector Address

Table 3.1 shows the vector addresses and priority of each exception handling. When more than
one interrupt is requested, handling is performed from the interrupt with the highest priority. The
priority level can be set for an interrupt source to which a bit in ICR is assigned. When priority
level 1 (priority is given) is set for an interrupt source other than the NMI and address break, the
execution of the exception handling for the interrupt request has priority that for an interrupt
request whose source is set to priority level 0.
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Table3.1 Exception Sourcesand Vector Address
Vector
Related Module Exception Sources Number Vector Address ICR Priority
RES pin Reset 0 H'000000 to H'000003 — High
Watchdog timer A
— Reserved for system use 1to6 H'000004 to H'00001B —
External interrupt  NMI 7 H'00001C to H'0O0001F —
pin
CPU Trap instruction #0 8 H'000020 to H'000023 —
Trap instruction #1 9 H'000024 to H'000027 —
Trap instruction #2 10 H'000028 to H'00002B —
Trap instruction #3 11 H'00002C to H'00002F —
Address break Break conditions satisfied 12 H'000030 to H'000033 —
CPU Direct transition by executing 13 H'000034 to H'000037 ICRA7
the SLEEP instruction
External interrupt  IRQO 14 H'000038 to H'00003B  ICRA6
pin Low-voltage detection interrupt*
IRQ1 15 H'00003C to H'00003F ICRA5
IRQ2 16 H'000040 to H'000043 ICRA4
IRQ3 17 H'000044 to H'000047 ICRA3
WKP 18 H'000048 to H'00004B ICRA2
RTC Overflow 19 H'00004C to H'00004F ICRA1
— Reserved for system use 20, 21 H'000050 to H'000053 —
Timer V Compare match A 22 H'000058 to H'00005B ICRB6
Compare match B
Overflow
SCI3 Receive data full 23 H'00005C to H'00005F ICRB5
Transmit data empty
Transmit end
Receive error
lIc2 Transmit data empty 24 H'000060 to H'000063 ICRB4
Transmit end
Receive data full
Arbitration lost/overrun error
NACK detection v
Stop condition detected Low
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Vector
Related Module Exception Sources Number Vector Address ICR Priority
— Reserved for system use 25t028 H'000064 to H'000073 — High
Timer B1 Overflow 29 H'000074 to H'000077 ICRC7 A
— Reserved for system use 30, 31 H'000078 to H'00007F —
SCI3_2 Receive data full 32 H'000080 to H'000083 ICRC4
Transmit data empty
Transmit end
Receive error
— Reserved for system use 33 H'000084 to H'000087 —
SCI3_3 Receive data full 34 H'000088 to H'00008B  ICRC2
Transmit data empty
Transmit end
Receive error
Timer RC Input capture A/compare match A 35 H'00008C to H'00008F ICRC1
Input capture B/compare match B
Input capture C/compare match C
Input capture D/compare match D
Overflow
A/D converter A/D conversion end 36 H'000090 to H'000093 ICRCO
Timer RD_0 Compare match/input capture A0 to DO 37 H'000094 to H'000097 ICRD7
Overflow
Timer RD_1 Compare match/input capture A1 to D1 38 H'000098 to H'00009B ICRD6
Overflow
Timer RD_2 Compare match/input capture A2to D2 39 H'00009C to H'00009F ICRD5
Overflow
Timer RD_3 Compare match/input capture A3to D3 40 H'0000A0 to H'0000A3 ICRD4
Overflow
Clock switching  When the system clock sources are 41 H'0000A4 to H'0000A7 ICRD3
switched from the external-input

signal to the internal-generated
signal

\/

Low

Note: *

on reset and low-voltage detection circuit.

A low-voltage detection interrupt is available only in the product with an on-chip power-
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3.2 Register Descriptions
Interrupts are controlled by the following registers.

o Interrupt edge select register 1 (IEGR1)

o Interrupt edge select register 2 (IEGR2)

e Interrupt enable register 1 (IENR1)

e Interrupt enable register 2 (IENR2)

o Interrupt flag register 1 (IRR1)

e Interrupt flag register 2 (IRR2)

o  Wakeup interrupt flag register IWPR)

e Interrupt control registers A to D (ICRA to ICRD)

321 Interrupt Edge Select Register 1 (IEGR1)

IEGRI selects the direction of an edge that generates interrupt requests of pins NMI and IRQ3 to
IRQO.

Initial
Bit Bit Name Value R/W Description
7 NMIEG 0 R/W NMI Edge Select
0: Falling edge of NMI pin input is detected
1: Rising edge of NMI pin input is detected
6to 4 — All 1 — Reserved
These bits are always read as 1.
3 IEG3 0 R/W IRQ3 Edge Select

0: Falling edge of IRQ3 pin input is detected
1: Rising edge of IRQ3 pin input is detected

2 IEG2 0 R/W IRQ2 Edge Select
0: Falling edge of IRQ2 pin input is detected
1: Rising edge of IRQ2 pin input is detected

1 IEG1 0 R/W IRQ1 Edge Select
0: Falling edge of IRQ1 pin input is detected
1: Rising edge of IRQ1 pin input is detected

0 IEGO 0 R/W IRQO Edge Select
0: Falling edge of IRQO pin input is detected
1: Rising edge of IRQO pin input is detected
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322 Interrupt Edge Select Register 2 (IEGR?2)

IEGR?2 selects the direction of an edge that generates interrupt requests of pins WKP5 to WKPO.

Initial
Bit Bit Name Value R/W Description
7,6 — All 1 — Reserved
These bits are always read as 1.
5 WPEG5 0 R/W WKP5 Edge Select
0: Falling edge of WKP5(ADTRG) pin input is detected
1: Rising edge of WKP5(ADTRG) pin input is detected
4 WPEG4 0 R/W WKP4 Edge Select
0: Falling edge of WKP4 pin input is detected
1: Rising edge of WKP4 pin input is detected
3 WPEGS3 0 R/W  WKP3 Edge Select
0: Falling edge of WKP3 pin input is detected
1: Rising edge of WKP3 pin input is detected
2 WPEG2 0 R/W WKP2 Edge Select
0: Falling edge of WKP2 pin input is detected
1: Rising edge of WKP2 pin input is detected
1 WPEGH1 0 R/W WKP1Edge Select
0: Falling edge of WKPT pin input is detected
1: Rising edge of WKP1 pin input is detected
0 WPEGO 0 R/W WKPO Edge Select

0: Falling edge of WKPO pin input is detected
1: Rising edge of WKPO pin input is detected

Rev. 1.50 Sep. 18,2007 Page 49 of 584

RENESAS REJ09B0240-0150



Section 3 Exception Handling

323 Interrupt Enable Register 1 (IENR1)

IENRI1 enables direct transition interrupts, RTC interrupts, and external pin interrupts.

Initial
Bit Bit Name Value R/W Description
7 IENDT 0 R/W Direct Transition Interrupt Enable
When this bit is set to 1, direct transition interrupt
requests are enabled.
6 IENTA 0 R/W RTC Interrupt Enable
When this bit is set to 1, an RTC interrupt request is
enabled.
5 IENWP 0 R/W Wakeup Interrupt Enable
This bit is an enable bit for signals WKP5 to WKPO.
When this bit is set to 1, an interrupt request is enabled.
4 — 1 — Reserved

This bit is always read as 1.
3 IEN3 0 R/W IRQ3 Interrupt Enable

When this bit is set to 1, an interrupt request of the
IRQ3 signal is enabled.

2 IEN2 0 R/W IRQ2 Interrupt Enable

When this bit is set to 1, an interrupt request of the
IRQ2 signal is enabled.

1 IEN1 0 R/W IRQ1 Interrupt Enable

When this bit is set to 1, an interrupt request of the
IRQ1 signal is enabled.

0 IENO 0 R/W IRQO Interrupt Enable

When this bit is set to 1, an interrupt request of the
IRQO signal is enabled.

A bit in an interrupt enable register to disable the interrupt or a bit in an interrupt flag register must
be cleared while the interrupt is masked (I = 1). If the execution of clearing the above bit and an
interrupt request occurs at the same time while I = 0, the exception handling for the interrupt is
executed after the bit has been cleared.

Rev. 1.50 Sep. 18,2007 Page 50 of 584
REJ09B0240-0150 RENESAS



Section 3 Exception Handling

324 Interrupt Enable Register 2 (IENR2)

IENR?2 enables a timer B1 overflow interrupt.

Initial
Bit Bit Name Value R/W Description
7,6 — All O — Reserved
These bits are always read as 0.
5 IENTB1 0 R/W Timer B1 Interrupt Enable

When this bit is set to 1, a timer B1 overflow interrupt
request is enabled.

4100 — All 1 — Reserved
These bits are always read as 1.

A bit in an interrupt enable register to disable the interrupt or a bit in an interrupt flag register must
be cleared while the interrupt is masked (I = 1). If the execution of clearing the above bit and an
interrupt request occurs at the same time while I = 0, the exception handling for the interrupt is
executed after the bit has been cleared.

325 Interrupt Flag Register 1 (IRR1)

IRR1 is a status flag register for a direct transition interrupt, an RTC interrupt, and IRQ3 to IRQO
interrupts.

Initial
Bit Bit Name Value R/W Description
7 IRRDT 0 R/W Direct Transition Interrupt Request Flag

[Setting condition]

When a direct transition is made by executing the
SLEEP instruction while the DTON bit in SYSCR2 is set
to 1.

[Clearing condition]
When writing 0
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Initial
Bit Bit Name Value

R/W

Description

6 IRRTA —

R/W

RTC Interrupt Request Flag

[Setting condition]

When the RTC counter value overflows
[Clearing condition]

When writing 0

54 — All1

Reserved

These bits are always read as 1.

3 IRRI3 0

R/W

IRQS Interrupt Request Flag
[Setting condition]

When the IRQ3 pin is specified as an interrupt input and
the specified edge is detected.

[Clearing condition]
When writing 0

2 IRRI2 0

R/W

IRQ2 Interrupt Request Flag
[Setting condition]

When the IRQ2 pin is specified as an interrupt input and
the specified edge is detected.

[Clearing condition]
When writing O

1 IRRI1 0

R/W

IRQ1 Interrupt Request Flag
[Setting condition]

When the IRQ1 pin is specified as an interrupt input and
the specified edge is detected.

[Clearing condition]
When writing 0

0 IRRIO 0

R/W

IRQO Interrupt Request Flag
[Setting condition]

When the IRQO pin is specified as an interrupt input and
the specified edge is detected.

[Clearing condition]
When writing O
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326

Interrupt Flag Register 2 (IRR2)

IRR?2 is a status flag register for timer B1 overflow interrupts.

Initial
Bit Bit Name Value R/W Description
7,6 — All'0 — Reserved
These bits are always read as 0.
5 IRRTB1 0 R/W  Timer B1 Interrupt Request flag
[Setting condition]
When the timer B1 counter overflows
[Clearing condition]
When writing 0
4100 — All 1 — Reserved
These bits are always read as 1.
327 Wakeup Interrupt Flag Register (IWPR)

IWPR is a status flag register for WKP5 to WKPO interrupt requests.

Initial
Bit Bit Name Value R/W Description
7,6 — All 1 — Reserved
These bits are always read as 1.
5 IWPF5 0 R/W WKP5 Interrupt Request Flag
[Setting condition]
When the WKP5 pin is specified as an interrupt input
and the specified edge is detected
[Clearing condition]
When writing 0
4 IWPF4 0 R/W WKP4 Interrupt Request Flag
[Setting condition]
When WKP4 pin is specified as an interrupt input and
the specified edge is detected
[Clearing condition]
When writing 0
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Initial
Bit Bit Name Value R/W

Description

3 IWPF3 0 R/W

WKP3 Interrupt Request Flag
[Setting condition]

When the WKP3 pin is specified as an interrupt input
and the specified edge is detected

[Clearing condition]
When writing 0

2 IWPF2 0 R/W

WKP2 Interrupt Request Flag
[Setting condition]

When the WKP2 pin is specified as an interrupt input
and the specified edge is detected.

[Clearing condition]
When writing O

1 IWPF1 0 R/W

WKP1 Interrupt Request Flag
[Setting condition]

When the WKP1 pin is specified as an interrupt input
and the specified as an edge is detected

[Clearing condition]
When writing 0.

0 IWPFO 0 R/W

WKPO Interrupt Request Flag
[Setting condition]

When the WKPO pin is specified as an interrupt input
and the specified edge is detected

[Clearing condition]
When writing O
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3.28 Interrupt Control RegistersA toD (ICRA to ICRD)

ICR sets the priority level of an interrupt source other than the NMI and address break. The
correspondence between interrupt requests and bits ICRA to ICRD is shown in table 3.2.

Initial
Bit Bit Name Value R/W Description
7100 ICRn7 to  All 0* R/W Interrupt Priority Level

ICRnO 0: The corresponding interrupt source is set to interrupt

priority level O (nonpriority)

1: The corresponding interrupt source is set to interrupt
priority level 1 (priority)

n=AtoD
Note: * The initial values of the reserved bits are also all 0.

Table3.2 Interrupt request and ICR

Registers
Bit Bit Name ICRA ICRB ICRC ICRD
7 ICRn7 Direct — Timer B1 Timer RD_0
transition
6 ICRn6 IRQO, Timer V — Timer RD_1
Low-voltage
detection
5 ICRn5 IRQA1 SCI3 — Timer RD_2
ICRn4 IRQ2 licaz SCI3_2 Timer RD_3
ICRn3 IRQ3 — — Clock
switching
2 ICRNn2 WKP — SCI3_3 —
1 ICRn1 RTC — Timer RC —
0 ICRnO — — A/D converter —

n=AtoD
—: Reserved. These bits are always read as 0.
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3.3 Reset Exception Handling

When the RES signal goes low, all processing halts and this LSI enters the reset state. The internal
state of the CPU and the registers of the on-chip peripheral modules are initialized by the reset.
When the power is turned on, hold the RES signal low until oscillation of the clock pulse
generator settles to ensure that this LSI is reset. To reset this LSI during operation, hold the RES
signal low for a given time. When the RES signal goes high after being held low for the given
time, this LSI starts the reset exception handling. The reset exception handling sequence is shown
in figure 3.1. However, for the reset exception handling sequence of the product with an on-chip
power-on reset circuit, refer to section 20, Band-Gap Regulator, Power-On Reset (Optional), and
Low-Voltage Detection Circuits (Optional).

The reset exception handling sequence is as follows:

1. Set the I bit in the condition code register (CCR) to 1.

2. The CPU generates the vector address for the reset exception handling (from H'000000 to
H'000003), the data in the address is sent to the program counter (PC) as the start address, and
program execution starts from the address.

34 Interrupt Exception Handling

341 External Interrupts
As the external interrupts, there are the NMI, IRQ3 to IRQO0, and WKP5 to WKPO interrupts.

e NMI Interrupt
An NMI interrupt is generated when the edge of the NMI signal is input. The detecting edge is
selected from rising or falling, depending on the setting of the NMIEG bit in IEGR1.
Since the NMI interrupt is given the highest priority level, it can always be accepted regardless
of the setting of the I bit in CCR.

e JRQ3 to IRQO Interrupts
IRQ3 to IRQO interrupts are generated when the edges of the IRQ3 to IRQO signals are input.
These four interrupts are given different vector addresses, and the detecting edge of each signal
can be selected from rising or falling, depending on the settings of bits IEG3 to IEGO in
IEGRI.
When the IRQ3 to IRQO pins are specified as an interrupt input by PMR1 and the specified
edge is input, the corresponding bit in IRR1 is set to 1, requesting the interrupt to the CPU.
These interrupts can be masked by setting bits IEN3 to IENO in IENRI.
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o  WKPS5 to WKPO Interrupts
WKP5 to WKPO interrupts are generated when the edges of the WKP5 to WKPO signals are
input. These six interrupts are assigned to the same vector addresses, and the detecting edge for
each signal can be selected from rising or falling, depending on the settings of bits WPEGS to
WPEGO in IEGR2.
When pins WKP5 to WKPO are specified as an interrupt input by PMRS and the specified
edge is input, the corresponding bit in IWPR is set to 1, requesting an interrupt to the CPU.
These interrupts can be masked by setting bit IENWP in IENRI1.

Prefetch of
. « Internal -, first program
Vector fetch | processing | instruction

:D‘
m
(2]

Internal

address bus ; ) EX (;3) X 5) :X i
i AN/ N A A A

) h
Internal write | v ' | ]

signal E ' E ! E :
Internal data E : E E / \ E /— \ E
bus (16 bits) i () ) @ —\ 6) 7 T\ -

(1), (8) Address of reset vector: (1) = H'000000, (3) = H'000002
(2), (4) Start address (contents of reset vector)

(5) Start address

(6) First instruction of program

Figure3.1 Reset Sequence
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34.2 Internal Interrupts

Each on-chip peripheral module has a flag to indicate the interrupt request status and the enable bit
to enable or disable the interrupt. For RTC interrupt requests and direct transition interrupt
requests generated by execution of the SLEEP instruction, this function is included in IRR1, IRR2,
IENRI, and IENR2.

When an on-chip peripheral module requests an interrupt, the corresponding interrupt request
status flag is set to 1, requesting an interrupt to the CPU. These interrupts can be disabled by
clearing the corresponding enable bit to 0.

34.3 Interrupt Handling Sequence
Interrupts are controlled by an interrupt controller.
Interrupt operation is described below.

1. If an NMI or an interrupt with its enable bit set to 1 is generated, an interrupt request signal is
sent to the interrupt controller.

2. When multiple interrupt requests are generated, the interrupt controller requests the interrupt
handling with the highest priority level which has been set in ICR to the CPU. Other interrupt
requests are held pending. When the priority levels are the same, the interrupt controller selects
an interrupt request according to the default priority levels shown in table 3.1.

3. The CPU accepts the NMI and address break regardless of the setting of the I bit. Other
interrupt requests are accepted, if the I bit is cleared to 0 in CCR; if the I bit is set to 1, the
interrupt request is held pending.

4. If the CPU accepts the interrupt after execution of the current instruction is completed,
interrupt exception handling will begin. First, both PC and CCR are pushed onto the stack. The
stack status at this time is shown in figure 3.3. The PC value pushed onto the stack is the
address of the first instruction to be executed upon return from interrupt handling.

5. Then, the I bit in CCR is set to 1, masking further interrupts excluding the NMI and address
break. Upon return from interrupt handling, the values of I bit and other bits in CCR will be
restored and returned to the values prior to the start of interrupt exception handling.

6. Next, the CPU generates the vector address corresponding to the accepted interrupt, and
transfers the address to PC as a start address of the interrupt handler. Then a program starts
executing from the address indicated in PC.
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Figure 3.2 shows the interrupt acceptance flowchart. Figure 3.4 shows a typical interrupt sequence
where the program area is in the on-chip ROM and the stack area is in the on-chip RAM.

Program execution state |

A

Interrupt set
to priority level 1

Direct
ransition,

No
Interrupt generated >
Yes
Yes
Address break
Pendin
No [penang]
A
Yes
No

Yes Clock Yes Clock
switching switching
interrupt interrup

Direct
ransition
>

Yes

| PC and CCR saved |
Y
| 1 |

Y

Vector address read |

1

Execution branched to
interrupt handler

Figure3.2 Interrupt Acceptance Flowchart
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/\/ /\/
SP-4 SP (ER7)—> CCR
SP-3 SP +1 PCE
SP-2 SP +2 PCH
SP -1 SP+3 PCL
SP (ER7)—> SP+4 Even address
Stack area
/\/ /\/

Prior to start of interrupt ————————®After completion of interrupt
exception handling PC and CCR exception handling
saved to stack
[Legend]
PCE: Bits 23 to 16 of program counter (PC)
PCH: Bits 15 to 8 of program counter (PC)
PCL: Bits 7 to 0 of program counter (PC)
CCR: Condition code register
SP:  Stack pointer

Notes: 1. PC shows the address of the first instruction to be executed upon return from the interrupt
handling routine.

2. Register contents must always be saved and restored by word length, starting from
an even-numbered address.

Figure3.3 Stack Statusafter Exception Handling
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Figure3.4 Interrupt Sequence
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344 Interrupt Response Time

Table 3.3 shows the number of wait states after an interrupt request flag is set until the first
instruction of the interrupt handling-routine is executed.

Table3.3 Interrupt Wait States

Iltem States Total
Interrupt priority determination 2! 19 to 41
Waiting time for completion of executing instruction*® 1to 23

Saving of PC and CCR to stack 4

Vector fetch

4
Instruction fetch 4
Internal processing 4

Notes: 1. For internal interrupts, the number of states is 1.
2. Not including EEPMOV instruction.
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3.5 Usage Notes

351 Interrupts after Reset

If an interrupt is accepted after a reset and before the stack pointer (SP) is initialized, the PC and
CCR will not be saved correctly, leading to a program crash. To prevent this, all interrupt requests,
including NMI, are disabled immediately after a reset. Since the first instruction of a program is
always executed immediately after the reset state ends, make sure that this instruction initializes
the stack pointer (example: MOV.L #xx: 32, SP).

35.2 Notes on Stack Area Use

When word data is accessed, the least significant bit of the address is regarded as 0. Access to the
stack always takes place in words, so the stack pointer (SP: ER7) should never indicate an odd
address. Use PUSH Rn (MOV.W Rn, @-SP) or POP Rn (MOV.W @SP+, Rn) to save or restore

register values.

353 Noteson Rewriting Port Mode Registers

When a port mode register is rewritten to switch the functions of external interrupt pins, IRQ3 to
IRQO, and WKP5 to WKPO, the interrupt request flag may be set to 1.

When switching pin functions, mask the interrupt before setting the bit in the port mode register.
After accessing the port mode register, execute at least one instruction (e.g., NOP), then clear the
interrupt request flag from 1 to 0.

Figure 3.5 shows a port mode register setting and interrupt request flag clearing procedure.

Interrupts masked. (Another possibility
| CCR | bit« 1 | -------- is to disable the relevant interrupt in
; interrupt enable register 1.)

| Set port mode register bit |
T After setting the port mode register bit,
first execute at least one instruction
I """ (e.g., NOP), then clear the interrupt
request flag to 0.

I Execute NOP instruction

| Clear interrupt request flag to 0 |

I CCR I bit<-0 I -------- Interrupt mask cleared

Figure3.5 Port Mode Register Setting and Interrupt Request Flag Clearing Procedure
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Section 4 Address Break

The address break simplifies on-board program debugging. It requests an address break interrupt
when the set break condition is satisfied. The interrupt request is not affected by the I bit of CCR.
Break conditions that can be set include instruction execution at a specific address and a
combination of access and data at a specific address. With the address break function, the
execution start point of a program containing a bug is detected and execution is branched to the
correcting program. Figure 4.1 shows a block diagram of the address break.

Internal address bus

1

! Comparator
[BARE| BARH ! BARL [« =
(2]
Y a
Interrupt < I ABRKCR I‘_> £
generation I o
. . ©
control circuit |- > ABRKSR |<—> aE)
<
| BDRH : BDRL [«—
| Comparator
> Interrupt

[Legend]
BARE, BARH, BARL:Break address register

BDRH, BDRL: Break data register
ABRKCR: Address break control register
ABRKSR: Address break status register

Figure4.1 Block Diagram of AddressBreak

RENESAS
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4.1 Register Descriptions
The address break has the following registers.

e Address break control register (ABRKCR)

e Address break status register (ABRKSR)

e Break address registers E, H, L (BARE, BARH, BARL)
e Break data register (BDRH, BDRL)

411 Address Break Control Register (ABRKCR)

ABRKCR sets address break conditions.

Initial
Bit Bit Name Value R/W Description
7 RTINTE 1 R/W RTE Interrupt Enable
When this bit is 0, the interrupt immediately after
executing RTE is masked and then one instruction must
be executed. When this bit is 1, the interrupt is not
masked.
CSEL1 0 R/W Condition Select 1 and 0
CSELO 0 R/W These bits set address break conditions.
00: Instruction execution cycle
01: CPU data read cycle
10: CPU data write cycle
11: CPU data read/write cycle
4 ACMP2 0 R/W Address Compare 2 to 0
ACMP1 0 R/W These bits set the comparison condition between the
2 ACMPO 0 R/W address set in BAR and the internal address bus.

000: Compares 24-bit addresses

001: Compares upper 20-bit addresses
010: Compares upper 16-bit addresses
011: Compares upper 12-bit addresses
1xx: Reserved
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Initial
Bit Bit Name Value R/W Description
1 DCMP1 0 R/W Data Compare 1 and 0
0 DCMPO 0 R/W These bits set the comparison condition between the

data set in BDR and the internal data bus.
00: No data comparison

01: Compares lower 8-bit data between BDRL and
data bus

10: Compares upper 8-bit data between BDRH and
data bus

11: Compares 16-bit data between BDR and data bus

[Legend]
x: Don't care.

When an address break is set in the data read cycle or data write cycle, the data bus used will
depend on the combination of the byte/word access and address. Table 4.1 shows the access and
data bus used. When an I/O register space with an 8-bit data bus width is accessed in word size, a
byte access is generated twice. For details on data widths of each register, see section 22.1,
Register Addresses (Address Order).

Table4.1 Accessand Data Bus Used

Word Access Byte Access
Even Address  Odd Address Even Address 0Odd Address
ROM space Upper 8 bits Lower 8 bits Upper 8 bits Upper 8 bits
RAM space Upper 8 bits Lower 8 bits Upper 8 bits Upper 8 bits
I/O register with Upper 8 bits Upper 8 bits Upper 8 bits Upper 8 bits
8-bit data bus width
I/O register with Upper 8 bits Lower 8 bits — —

16-bit data bus width
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412 Address Break Status Register (ABRKSR)

ABRKSR consists of the address break interrupt flag and the address break interrupt enable bit.

Initial
Bit Bit Name Value R/W Description
7 ABIF 0 R/W Address Break Interrupt Flag
[Setting condition]
When the condition set in ABRKCR is satisfied
[Clearing condition]
When 0 is written after ABIF=1 is read
6 ABIE 0 R/W Address Break Interrupt Enable
When this bit is 1, an address break interrupt request
is enabled.
5t00 — All 1 — Reserved

These bits are always read as 1.

413 Break Address RegistersE, H, L (BARE, BARH, BARL)

BAR (BARE, BARH, BARL) is a 24-bit readable/writable register that sets the address for
generating an address break interrupt. The initial value of this register is HFFFFFF. When setting
the address break condition to the instruction execution cycle, set the first byte address of the
instruction.

414 Break Data RegistersH, L (BDRH, BDRL)

BDR (BDRH, BDRL) is a 16-bit readable/writable register that sets the data for generating an
address break interrupt. BDRH is compared with the upper 8-bit data bus. BDRL is compared with
the lower 8-bit data bus. When memory or registers are accessed by byte, the upper 8-bit data bus
is used for even and odd addresses in the data transmission. Therefore, comparison data must be
set in BDRH for byte access. For word access, the data bus used depends on the address. See
section 4.1.1, Address Break Control Register (ABRKCR), for details. The initial value of this
register is undefined.
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4.2 Operation

When the ABIE bit in ABRKSR is set to 1, if the ABIF bit in ABRKSR is set to 1 by the
combination of the address set in BAR, the data set in BDR, and the conditions set in ABRKCR,
the address break function generates an interrupt request to the CPU. When the interrupt request is
accepted, interrupt exception handling starts after the instruction being executed ends. The address
break interrupt is not masked because of the I bit in CCR of the CPU.

Figures 4.2 (1) to (2) show the operation examples of the address break interrupt setting.

When the address break is specified in instruction execution cycle

Register setting Program
* ABRKCR = H'80 0258 NOP
* BAR = H'025A *025A NOP
025C _MOV.W @H025A.50 Underline indicates the address
0260 NOP
to be stacked.

0262 NOP

NOP NOP MOV MOV
instruc-  instruc-  instruc-  instruc-
tion tion tion 1 tion2 Internal
prefetch prefetch prefetch prefetch processing Stack save

[
S sigigigigigigigipigigigigigh

bocress Y oa5s ) o025 Y ozsC Y o25E X sP2 ) sP4
Interrupt | ;
request +

Interrupt acceptance

Figure4.2 AddressBreak Interrupt Operation Example (1)
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When the address break is specified in the data read cycle

Register setting Program
* ABRKCR = H'A0 0258 NOP
* BAR = H'025A 025A NOP
*0256C MOV.W @H'025A,R0
0260 NOP Underline indicates the address

0262 NOP to be stacked.

MOV MOV NOP MOV NOP Next
instruc-  instruc- instruc-  instruc- instruc-  instru-
tion 1 tion 2 tion tion tion ction Internal  Stack
prefetch prefetch prefetch execution prefetch prefetch processing save

0 JUuyuyyuyuuyuyyyyyrote

bocress Y To25C Y o25E ) 0260 ) 025A X 0262 Y o264 X sp-2
Interrupt [ r
request '+

Interrupt acceptance

Figure4.2 AddressBreak Interrupt Operation Example (2)
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Section 5 Clock Pulse Generators

The clock pulse generator consists of a system clock generating circuitry, a subclock generating
circuitry, and two prescalers. The system clock generating circuitry includes a system clock
oscillator, a duty correction circuit, an on-chip oscillator, an on-chip oscillator divider, a clock
select circuit, and a system clock divider. The subclock generating circuitry includes a subclock
oscillator and a subclock divider.

Figure 5.1 shows a block diagram of the clock pulse generator.

(5bits) [ 6,/128

0SC1 :. System Posc Duty dosc ¢ > H
' clock » correction > /8 ]
OSC2 <1 oscillator circuit >
H Clock System [
: 9/16 ol 'e -
H sekect | clock > >
' ircuit i /32 i
; Rosc/2 circui divider |9 > - — 1= ?/2
! . chio B 72 /64 : rescaler )
| On-chip Rosc (gzi”cat'gr ROSC/‘L Ore, ¢ > (13 bits)  |»= (/8192
' | oscillator | “givider | Rosc/8 | E
] ' To timer RC and
E Etlmer RD > 040M
. System clock generating circuitry ,
Lottt H
; w2 |
X1 —i»{ Subclock o | subclock [ow/4 | dsus
X2 .| oscillator (Oow) divider /8 > >
- > |, 0y/8
! Prescaler W™ {g

Figure5.1 Block Diagram of Clock Pulse Generators

The system clock (¢) and subclock (¢,,,) are basic clocks on which the CPU and on-chip
peripheral modules operate. The system clock is divided by a value from 2 to 8192 in prescaler S,
and the subclock is divided by a value from 8 to 128 in prescaler W. These divided clocks are
supplied to respective on-chip peripheral modules. The on-chip oscillator can generate system
clock ¢, which is produced by dividing R . by 2, 4, or 8, and the ¢,,,, clock supplied to timer RC
and timer RD.
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51 Features

Choice of two clock sources

On-chip oscillator clock

External oscillator clock

Choice of two frequencies of the on-chip oscillator by the user software

40 MHz

32 MHz

The signal generated by dividing the above clock by a value from 2 to 8 can be used as the
system clock and the above clock can be used as the clock source for timer RC or timer RD.
Frequency trimming

The initial frequency of the on-chip oscillator is within the range shown above, so users do not
need to trim the frequency. If needed, users can adjust the on-chip oscillator frequency to the
range by rewriting the trimming registers.

Interrupt can be requested to the CPU when the system clock is changed from the external
clock to the on-chip oscillator clock.

52 Register Descriptions

Clock oscillators are controlled by the following registers.

RC control register (RCCR)

RC trimming data protect register (RCTRMDPR)
RC trimming data register (RCTRMDR)

Clock control/status register (CKCSR)
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521

RCCR controls the on-chip oscillator.

RC Control Register (RCCR)

Initial

Bit Bit Name Value R/W Description

7 RCSTP 0 R/W On-Chip Oscillator Standby
The on-chip oscillator standby state is entered by setting
this bit to 1.

6 FSEL 1 R/W Frequency Select for On-Chip Oscillator
The system clock is generated by dividing this clock while
this clock is supplied to timer RC or timer RD (¢,,,,)-
0: 32MHz
1: 40MHz

5 VCLSEL O R/W Power Supply Select for On-Chip Oscillator
0: Selects VBGR
1: Selects VCL
When VCL is selected, the accuracy of the on-chip
oscillator frequency cannot be guaranteed.

4102 — AllO — Reserved
These bits are always read as 0.

1 RCPSC1 R/W Division Ratio Select for On-Chip Oscillator

0 RCPSCO O R/W These bits select the operating clock frequency in active
mode or sleep mode when the on-chip oscillator is in use.
The division ratio for dividing R, changes right after
rewriting this bit.
These bits can only be written to when the CKSTA bit in
CKCSRiis 0.
0X: Ry/2
10: Ry /4
11: R /8

[Legend]

X: Don't care
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522 RC Trimming Data Protect Register (RCTRMDPR)

RCTRMDPR controls RCTRMDPR itself and writing to RCTRMDR. Use the MOV instruction to
rewrite this register. Bit manipulation instruction cannot change the settings.

Initial
Bit Bit Name Value R/W Description

7 WRI 1 W Write Inhibit

Only when writing O to this bit, this register can be written
to. This bit is always read as 1.

6 PRWE 0 R/W Protect Information Write Enable
Bits 5 and 4 can be written to when this bit is set to 1.
[Setting condition]
e When writing 0 to the WRI bit and writing 1 to the
PRWE bit
[Clearing conditions]
e Reset

e When writing 0 to the WRI bit and writing 0 to the
PRWE bit

5 LOCKDW 0 R/W Trimming Data Register Lock Down

The RC trimming data register (RCTRMDR) cannot be
written to when this bit is set to 1. Once this bit is set to 1,
this register cannot be written to until a reset is input even
if 0 is written to this bit.

[Setting condition]

e When writing 0 to the WRI bit and writing 1 to the
TRMDRWE bit while the PRWE bit is 1.

[Clearing condition]
¢ Reset

Rev. 1.50 Sep. 18,2007 Page 74 of 584
REJ09B0240-0150 RENESAS



Section 5 Clock Pulse Generators

Initial

Bit Bit Name Value

R/W

Description

4 TRMDRWE 0

R/W

Trimming Date Register Write Enable

This register can be written to when the LOCKDW bit is O
and this bit is 1.

[Setting condition]

o When writing 0 to the WRI bit and writing 1 to the
TRMDRWE bit while the PRWE bit is 1.

[Clearing conditions]

e Reset

e When writing 0 to the WRI bit and writing O to the
TRMDRWE bit while the PRWE bit is 1.

3to0 —

All1

Reserved
These bits are always read as 1.

523 RC Trimming Data Register (RCTRMDR)

RCTRMDR stores the trimming data of the on-chip oscillator frequency.

Initial
Bit Bit Name Value R/W Description
7 TRMD7 (0)* R/W Trimming Data
6 TRMD6 (0)* R/W The trimming data is loaded to this register right after a
5 TRMD5 (0)* R/W reset. The read data from these bits is always undefined.
4 TRMD4 (0)* R/W The on-chip oscillator frequency can be trimmed by

rewriting these bits. The frequency of the on-chip

3 TRMD3 ) R/W oscillator changes right after rewriting these bits. These
2 TRMD2 (0)* R/W  Dbits are initialized to H'00.
1 TRMD1 (0)* R/W Changes in frequency are shown below (bit 7 is a sign
0 TRMDO  (0)* Rw P’

(Min.) H'80 «- H'FF « H'00 -H'01 —» H'7F (Max.)

Note: * These values are initialized while loading the trimming data.
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524 Clock Control/Status Register (CKCSR)

CKCSR selects the OSC pin function, controls switching system clocks, and indicates the system
clock state. These bits must be written in active mode.

Initial
Bit Bit Name Value R/W Description

7 PMRJA 0 R/W  OSC Pin Function Select 1 and 0
6 PMRJO 0 R/W  PMRJ1 PMRJO OSC2 0OSC1
0 0 I/O I/O
1 0 CLKOUT 1I/0
0 1 Hi-Z OSC1 (external clock input)
1 1 0sc2 0SsC1

5 — 0 — Reserved
This bit is always read as 0.

4 OSCSEL 0 R/W LSl Operating Clock Select
This bit selects the system clock of this LSI.
0: Selects the on-chip oscillator clock as the system clock.
1: Selects the external clock as the system clock.
[Setting condition]
e When writing 1 while the CKSWIF bit is 0*
[Clearing condition]
¢ When writing 0

Note: * When the on-chip oscillator is in the standby
state (the RCTSP bit in RCCR is set to 1), do
not write 1 to this bit. When this bit is written to
1, the on-chip oscillator should be in operation.

3 CKSWIE 0 R/W  Clock Switch Interrupt Enable

Setting this bit to 1 enables the clock switch interrupt
request.

2 CKSWIF 0 R/W  Clock Switch Interrupt Request Flag
[Setting condition]
¢ When the external clock is switched to the on-chip
oscillator clock
[Clearing condition]
e When writing 0 after reading 1
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Initial
Bit Bit Name Value R/W Description
1 — 1 — Reserved
This bit is always read as 1.
0 CKSTA 0 R LS| Operating Clock Status

0: This LSI operates on on-chip oscillator clock.
1: This LSI operates on external clock.

53 System Clock Oscillator

531 State Transition of System Clock

The system clock of this LSI is generated from the on-chip oscillator clock after a reset. System
clock sources can be switched from the on-chip oscillator clock to the external clock and vice
versa by the user software.

Figure 5.2 shows the state transition of the system clock.

Reset state

Reset cleared LS| operates on on-chip oscillator clock
\
On-chip oscillator: Operated Reset release _ On-chip oscillator: Operated
External oscillator: Halted (I/O pin . @ oscillator: Halted
A
Switching to Switching to
on-chip oscillator clock external clock
\

On-chip oscillator halted

On-chip oscillator: Halted On-chip oscillator: Operated
External oscillator: Operated External oscillator: Operated

On-chip oscillator operated

LSI operates on external clock

Figure5.2 State Transition of System Clock
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532 Clock Control Operation

Figure 5.3 shows the flowchart to switch clock sources from the on-chip oscillator to the external
clock. Figure 5.4 shows the flowchart to switch clock sources from the external clock to the on-
chip oscillator.

LSI operates on on-chip oscillator clock

( Start (reset) )
!

Write 1 to PMRCO in CKCSR 1
Write 1 to PMRC1 in CKCSR (1]

!

Clear CKSWIF in CKCSR to 0

[1]1 External oscillation starts to be enabled when pins
PJO/OSC1 and PJ1/OSC2 are specified as external
clock pins. Write 0 to bit PMRJ1 to input the external
clock.

E [2] After writing 1 to the OSCSEL bit, this LS| waits until the
' oscillation of the external oscillator settles. The
! correspondence between Nwait, which is the number of
, wait cycles for oscillation settling, and Nstby, which is
. the number of wait cycles for oscillation settling when
, returning from standby mode, is as follows:

* E Nstby < Nwait < 2 x Nstby

Nstby is set by bits STS2 to STS0 in SYSCR1 and bit
STS3 in SYSCRS3. For details, see section 6.1.1, System
Control Register 1 (SYSCR1), and section 6.1.3,
System Control Register 3 (SYSCRS3).

Write 1 to OSCSEL in CKCSR [2]

[3]
No

While waiting for external oscillation settling, this LSI is
not halted but continues to operate on the on-chip

[3] oscillator clock. Read the CKSTA bit in CKCSR to
ensure whether or not clocks are switched.

Switched to
external clock? (CKSTA in
CKCSRis 1)

LS| operates on external clock

Figure5.3 Flowchart of Clock Switching
(From On-Chip Oscillator Clock to External Clock)
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LSI operates on external clock

[1] When 0 is written to the OSCSEL bit, this LSI
switches the external clock to the on-chip oscillator
clock after the ¢ stop duration. Seven rising edges of
the ogg clock after the OSCSEL bit becomes 0 are
included in the ¢ stop duration.

Start
(LS| operates on external clock)

!

Write 0 to RCSTP in RCCR

!

E Wait until on-chip oscillator clock
' settles (over 100 us)

[2] Writing O to bit PMRJO stops the external oscillation.

v

Write 1 to CKSWIE in CKCSR
if necessary

Y

Write 0 to OSCSEL in CKCSR [1]

LSl operates on
on-chip oscillator clock

Exception handling
for clock switching

Y

Write 0 to PMRJO in CKCSR 2]
if necessary

Y

LSl operates on
on-chip oscillator clock

Figure5.4 Flowchart of Clock Switching
(From External Clock to On-Chip Oscillator Clock)
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533 Clock Change Timing

The timing for changing clocks are shown in figures 5.5 and 5.6.

dosc I |

drc :
b i 5
OSCSEL | : 5
PHISTOP | ,
(Internal signal) , ' . '
CKSTA E : :
! Il i ' '
Internal RC clock operation , E ¢ halt* 1 External clock operation
E Wait for external E ' I
' oscillation settling !
' N wait '
[Legend]
dosc: External clock
Opc: Internal RC clock

o: System clock

OSCSEL:  Bit4in CKCSR

PHISTOP:  System clock stop control signal
CKSTA: Bit 0 in CKCSR

Note: * The ¢ halt duration is the duration from the timing when the ¢ clock stops to the first
rising edge of the ¢g¢ clock after seven clock cycles of the ¢ clock have elapsed.

Figure5.5 Timing Chart of Switching from On-Chip Oscillator Clock to External Clock
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bosc ' I_
brc QRN RN RN RN RN RN
¢ S I N I S D UL
OSCSEL ! [ l :
PHISTOP : | ; ;
(Internal signal) . ' ' 1
CKSTA 5 b : :
CKSWIF 5 5 [ !
' . | . ! External clock
External RC: clock operation ;L ¢ halt* | operation
[Legend]
dosc External clock
dpct Internal RC clock
o: System clock
OSCSEL:  Bit4in CKCSR
PHISTOP:  System clock stop control signal
CKSTA: Bit 0 in CKCSR
CKSWIF:  Bit2in CKCSR
Note: * The ¢ halt duration is the duration from the timing when the ¢ clock stops to the

seventh rising edge of the ¢rc clock.

Figure5.6 Timing Chart to Switch from External Clock to On-Chip Oscillator Clock
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54 Trimming of On-Chip Oscillator Frequency

Users can trim the on-chip oscillator frequency, supplying the external reference pulses with the
input capture function in timer RC or timer RD. An example of trimming flow using timer RC and
a timing chart are shown in figures 5.7 and 5.8, respectively. Because RCTRMDR is initialized by
areset, when users have trimmed the oscillators, some operations after a reset are necessary, such
as trimming it again or saving the trimming value in an external device for later reloading.

Setting timer RC
GRA: Input capture
GRC: Buffer of GRA

I
Set RCTRMD to H'00
|

Input reference pulses to
pin PH4/FTIOA

-

Capture 1

|
Capture 2 Modify RCTRMDR*

Frequency calculation

No

Within
desired frequency
range?

Note: * Comparing the difference between the measured frequency
and the desired frequency, individual bits of RCTRMDR are
decided from the MSB bit by bit.

Figure5.7 Exampleof Trimming Flow for On-Chip Oscillator Frequency
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. (( i
FTIOA input X
capture input —* : ) [ Sg + !
HS) . - !
TRooNT XX G ------
I { L : |
TN )( M \§ . X M+
GRC : NN \( i XM
E :Capture 1 E : Capture 2

Figure5.8 Timing Chart of Trimming of On-Chip Oscillator Freguency

The on-chip oscillator frequency is obtained by the expression below. Since the input-capture
input is sampled at the rate of ¢,., the calculated result includes a sampling error of £1 ¢, clock
cycle.

(M+oa)-M

oRC =
ta

(MHz)

oRC: Frequency of divided on-chip oscillator clock (MHz)
ta:  Cycle of reference clock (us)
M:  Timer RC counter value
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55 External Oscillator

This LSI has two methods to supply external clock pulses into it: connecting a crystal or ceramic
resonator, and an external clock. Oscillation pins PJO/OSC1 and PJ1/OSC2/CLKOUT are
common with general ports PCO and PC1, respectively. To set pins PCO and PC1 as crystal
resonator or external clock input ports, refer to section 5.3.2, Clock Control Operation.

0SsC2

LPM
0OSC1

LPM: Power-down mode (standby mode, subactive mode, or subsleep mode)

Figure5.9 Block Diagram of External Oscillator

551 Connecting Crystal Resonator

Figure 5.10 shows an example of connecting a crystal resonator. An AT-cut parallel-resonance
crystal resonator should be used. Figure 5.11 shows the equivalent circuit of a crystal resonator. A
resonator having the characteristics given in table 5.1 should be used.

osc1 T Ij'
c
0SC2 |2|_,J' C, = C, = 12 pF +20%

Figure5.10 Example of Connection to Crystal Resonator

LS
W[

OSC1 <+——¢ +— 0SC2

Figure5.11 Equivalent Circuit of Crystal Resonator
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Table5.1 Crystal Resonator Parameters

Frequency (MHz) 4 8 10 16 20
R, (Max.) 120 Q 80 Q 60 Q 50 Q 40 Q
C, (Max.) 7 pF

552 Connecting Ceramic Resonator

Figure 5.12 shows an example of connecting a ceramic resonator.

C1
OSC1 f |—,;'
=
CZ
C, =30 pF +10%
0sc2 F C, = 30 pF +10%

Capacitances are reference values.

Figure5.12 Example of Connection to Ceramic Resonator

553 External Clock Input Method

To use the external clock, input the external clock on pin OSC1 and leave pin OSC2 open. Figure
5.13 shows an example of connection. The duty cycle of the external clock signal must be 45 to

55%.

osCl |—— | | | | | | External clock input

0OSC2 [—— Open

Figure5.13 Example of External Clock Input
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5.6 Subclock Generator

Figure 5.14 shows a block diagram of the subclock generator.

X2

8 MQ

X1

Note: Resistance is a reference value.

Figure5.14 Block Diagram of Subclock Generator

5.6.1 Connecting 32.768-kHz Crystal Resonator

Clock pulses can be supplied to the subclock divider by connecting a 32.768-kHz crystal
resonator, as shown in figure 5.15. Figure 5.16 shows the equivalent circuit of the 32.768-kHz
crystal resonator.

G,
A I
(-
C
X2 2']-,- Cy=C,=15pF (typ.)

Capacitances are reference values.

Figure5.15 Typical Connection to 32.768-kHz Crystal Resonator

Ls C Rs
S
|| Wy

X1 <—¢ X2

Co =1.5pF (typ.)

Rg = 14 kQ (typ.)

fW = 32.768 kHz

Note: Parameters are reference values.

Figure5.16 Equivalent Circuit of 32.768-kHz Crystal Resonator
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56.2 Pin Connection when not Using Subclock

When the subclock is not used, connect pin X1 to VCL or VSS and leave pin X2 open, as shown
in figure 5.17.

?VCL or Vgg

Xo Open

Figure5.17 Pin Connection when not Using Subclock

5.7 Prescaler

57.1 Prescaler S

Prescaler S is a 13-bit counter using the system clock (¢) as its input clock. The outputs, which are
divided clocks, are used as internal clocks by the on-chip peripheral modules. Prescaler S is
initialized to H'0000 by a reset, and starts counting on exit from the reset state. In standby mode
and subsleep mode, the system clock pulse generator stops. Prescaler S also stops and is initialized
to H'0000. It cannot be read from or written to by the CPU.

The outputs from prescaler S is shared by the on-chip peripheral modules. The division ratio can
be set separately for each on-chip peripheral module. In active mode and sleep mode, the clock
input to prescaler S is a system clock with the division ratio specified by bits MA2 to MAO in
SYSCR2.

57.2 Prescaler W

Prescaler W is a 5-bit counter using a 32.768 kHz signal divided by 4 (¢,,/4) as its input clock. The
divided output is used for clock time base operation of timer A. Prescaler W is initialized to H'00
by a reset, and starts counting on exit from the reset state. Even in standby mode, subactive mode,
or subsleep mode, prescaler W continues functioning so long as clock signals are supplied to pins
X, and X,.
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5.8 Usage Notes

58.1 Note on Resonators

Resonator characteristics are closely related to board design and should be carefully evaluated by
the user, referring to the examples shown in this section. Resonator circuit parameters will differ
depending on the resonator element, stray capacitance of the PCB, and other factors. Suitable
values should be determined in consultation with the resonator element manufacturer. Design the
circuit so that the resonator element never receives voltages exceeding its maximum rating.

582 Noteson Board Design

When using a crystal resonator (ceramic resonator), place the resonator and its load capacitors as
close as possible to pins OSC1 and OSC2. Other signal lines should be routed away from the
oscillator circuit to prevent induction from interfering with correct oscillation (see figure 5.18).

Prohibited —— Signal A Signal B

é Gy
0SC1 ﬁ |—”L

i = o
0sc2 % l—»L

Figure5.18 Example of Incorrect Board Design
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Section 6 Power-Down Modes

This LSI has five operating modes after a reset: a normal active mode and four power-down
modes in which power consumption is significantly reduced. In addition to these modes, there is a
module standby function in which power consumption is also reduced by selectively halting on-
chip module functions.

Active mode

The CPU and all on-chip peripheral modules operate on the system clock. The system clock
source can be selected from among dosc, Rosc/2, Rosc/4, and Rosc/8. The system clock
frequency can be selected from among ¢, ¢/8, ¢/16, ¢/32, and ¢p/64.

Subactive mode

The CPU and all on-chip peripheral modules operate on the subclock. The subclock frequency
can be selected from ¢w/2, dw/4, or dw/8.

Sleep mode

The CPU halts. On-chip peripheral modules operate on the system clock.
Subsleep mode

The CPU halts. On-chip peripheral modules operate on the subclock.
Standby mode

The CPU and all on-chip peripheral modules halt. When the clock time-base function is
selected, the RTC operates.

Module standby function

Independent of the above modes, power consumption can be reduced by halting individual on-
chip peripheral modules that are not in use.
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6.1 Register Descriptions

The registers related to power-down modes are listed below. For details on the serial mode control
register (SCI3_3 module standby), see section 17.1, Features.

e System control register 1 (SYSCR1)

e System control register 2 (SYSCR2)

e System control register 3 (SYSCR3)

e Module standby control register 1 (MSTCRI1)
e Module standby control register 2 (MSTCR?2)
e Module standby control register 4 (MSTCR4)
e Serial Mode Control Register (SMCR)

6.1.1 System Control Register 1 (SYSCR1)

SYSCRI1, SYSCR2, and SYSCR3 control the power-down modes.

Initial
Bit Bit Name Value R/W Description
7 SSBY 0 R/W Software Standby

This bit selects the mode to transit after the execution
of the SLEEP instruction.

0: Enters sleep mode or subsleep mode.
1: Enters standby mode.
For details, see table 6.2.
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Bit

Bit Name

Initial
Value

R/W

Description

STS2
STS1
STSO

0
0
0

R/W
R/W
R/W

Standby Timer Select2t0 0

These bits specify the waiting time in number of cycles
until clocks are supplied after the system clock
oscillator starts oscillation when making a transition
from the standby, subactive, or subsleep mode to the
active or sleep mode. The number of cycles for the
waiting time should be specified so that the waiting
time is 6.5 ms or more when the external oscillator is
used as the system clock source after the transition.
The waiting time should be 100 us or more when the
on-chip oscillator is used as the system clock source
after the transition. The relationship between the
setting and the number of cycles is shown in table 6.1.
A clock used for counting the number of cycles is not
divided regardless of the setting in bits MA2 to MAO in
SYSCR2. When the system clock source after a
transition is the external oscillator or on-chip oscillator,
the ¢ OF ®RC clock is used for counting, respectively.

These bits also specify the waiting time until the
external oscillator settles when system clock sources
are switched from the on-chip oscillator to the external
clock by user software. The relationship of waiting
times between the above transition and clock switching
is shown below. The number of cycles for external
oscillator settling should be specified so that the Nstby
value multiplied by the external oscillator frequency is
6.5 ms or more. In this case, a clock used for counting
the number of cycles is the ¢, clock divided by the
setting in bits MA2 to MAO in SYSCR2.

Nstby < Nwait < 2 x Nstby

Nwait: The number of waiting cycles for external
oscillator settling

Nstby: The number of waiting cycles when returning
from a standby mode

RENESAS
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Initial

Bit Bit Name Value R/W Description

3 NESEL 0 R/W Noise Elimination Sampling Frequency Select
This bit selects the clock frequency to sample the
watch clock signal (¢,) generated by the subclock
oscillator. The oscillator clock (¢,.,) generated by the
system clock oscillator or the ¢, clock generated by
the on-chip oscillator can be used as the sampling
clock source. When ¢, or ¢,. = 4 to 20 MHz, set this
bit to 0.
0: Sampling rate is ¢.,/16 or ¢../16
1: Sampling rate is ¢.../4 or ¢,/4

2t00 — AllO — Reserved
These bits are always read as 0.

Table6.1 Operating Frequency and Waiting Time

Bit Name Cycle Count Operating Frequency
for Waiting

STS3 STS2 STS1 STSO Time 20MHz 16 MHz 10 MHz 8 MHz 4MHz 2MHz 1MHz 0.5MHz
X 0 0 0 8,192 cycles 0.4 0.5 0.8 1.0 2.0 4.1 8.1 16.4
X 0 0 1 16,384 cycles 0.8 1.0 1.6 2.0 41 8.2 16.4 32.8
X 0 1 0 32,768 cycles 1.6 2.0 3.3 41 8.2 16.4 32.8 65.5
X 0 1 1 65,536 cycles 3.3 41 6.6 8.2 16.4 32.8 65.5 131.1
X 1 0 0 131,072 cycles 6.6 8.2 13.1 16.4 32.8 65.5 1311 262.1
1 1 0 1 1,024 cycles 0.05 0.06 0.10 0.13 0.26 0.51 1.02 2.05
1 1 1 0 128 cycles 0.00 0.00 0.01 0.02 0.03 0.06 0.13 0.26
1 1 1 1 16 cycles 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.03
0 1 0 1 4,096 cycles 0.20 0.25 0.40 0.51 1.02 2.05 4.01 8.19
0 1 1 0 2,048 cycles 0.10 0.13 0.20 0.26 0.51 1.02 2.05 4.01
0 1 1 1 512 cycles 0.02 0.03 0.05 0.06 0.13 0.26 0.51 1.02
[Legend]
x: Don't care
Note: Time unit is ms.
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6.1.2

System Control Register 2 (SYSCR?2)

SYSCR?2 controls the power-down modes, as well as SYSCRI.

Bit

Initial
Bit Name Value

R/W

Description

SMSEL 0
LSON 0
DTON 0

R/W
R/W
R/W

Sleep Mode Select
Low Speed on Flag
Direct Transfer on Flag

These bits select the mode to enter after the execution
of a SLEEP instruction, as well as bit SSBY of
SYSCRA1.

For details, see table 6.2.

MA2
MA1
MAO

R/W
R/W
R/W

Active Mode Clock Select 2 to 0

These bits select the operating clock frequency in
active and sleep modes. The operating clock frequency
changes to the set frequency after the SLEEP
instruction is executed. When the on-chip oscillator is
selected as the system clock source, the on-chip
oscillator output is further divided.

0XX: Ppgs OF g

100: ¢../8 or ¢../8

101: ¢pe/16 OF ¢ /16

110: ¢,/32 or ¢../32

111: /64 Or ¢, /64

SA1
SAO

R/W
R/W

Subactive Mode Clock Select 1 and 0

These bits select the operating clock frequency in
subactive and subsleep modes. The operating clock
frequency changes to the set frequency after the
SLEEP instruction is executed.

00: ¢,/8
01: ¢,/4
1x: ¢,/2

[Legend]

X:

Don't care.
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6.1.3 System Control Register 3 (SYSCR3)

SYSCR3 controls waiting time in combination with SYSCR1.

Initial
Bit Bit Name Value R/W Description
7 STS3 1 R/W Standby Timer Select 3
This bit selects the waiting time in combination with bits
STS2 to STS0 in SYSCR1.
The relationship between the register setting and
waiting time is shown in table 6.1.
6to0 — All1 — Reserved

These bits are always read as 0.

6.1.4 Module Standby Control Register 1 (MSTCR1)

MSTCRI allows the on-chip peripheral modules to enter a standby state in module units.

Initial
Bit Bit Name Value R/W Description
7 — 0 — Reserved
This bit is always read as O.
6 MSTIIC 0 R/W [IC2 Module Standby
1IC2 enters the standby mode when this bit is set to 1
5 MSTS3 0 R/W SCI3 Module Standby
SCI3 enters the standby mode when this bit is set to 1
4 — 0 — Reserved
This bit is always read as 0.
3 MSTWD O R/W Watchdog Timer Module Standby
Watchdog timer enters the standby mode when this bit
is set to 1. When the on-chip oscillator is selected for
the watchdog timer clock, the watchdog timer operates
regardless of the setting of this bit
2 — 0 — Reserved

This bit is always read as O.

Rev. 1.50 Sep. 18,2007 Page 94 of 584

REJ09B0240-0150

RENESAS



Section 6 Power-Down Modes

Initial
Bit Bit Name Value R/W Description
1 MSTTV 0 R/W Timer V Module Standby
Timer V enters the standby mode when this bit is set to
1
0 MSTTA 0 R/W RTC Module Standby

RTC enters the standby mode when this bit is set to 1

6.1.5 Module Standby Control Register 2 (M STCR2)

MSTCR?2 allows the on-chip peripheral modules to enter a standby state in module units.

Initial
Bit Bit Name Value R/W Description
7 MSTS3_ 2 0 R/W  SCI3_2 Module Standby
SCI3_2 enters the standby mode when this bit is set to
1
— 0 — Reserved
— 0 — These bits are always read as 0.
MSTTB1 O R/W Timer B1 Module Standby
Timer B1 enters the standby mode when this bit is set
to 1
3to 1 — AllO — Reserved
These bits are always read as 0.
0 MSTPWM 0 R/W PWM Module Standby

PWM enters the standby mode when this bit is set to 1

Rev. 1.50 Sep. 18,2007 Page 95 of 584
RENESAS REJ09B0240-0150



Section 6 Power-Down Modes

6.1.6 Module Standby Control Register 4 (M STCR4)

MSTCR4 allows the on-chip peripheral modules to enter a standby state in module units.

Initial

Bit Bit Name Value R/W Description

7 MSTTRC O R/W Timer RC Module Standby
Timer RC enters the standby mode when this bit is set
to1

6 MSTAD 0 R/W A/D Converter Module Standby
A/D converter enters the standby mode when this bit is
setto 1

5 MSTTRDO O R/W Timer RD_O Module Standby
Timer RD_0 enters the standby mode when this bit is
setto 1

4 MSTTRD1 0 R/W Timer RD_1 Module Standby
Timer RD_1 enters the standby mode when this bit is
setto 1

3to0 — AllO — Reserved

These bits are always read as 0.
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6.2 Mode Transitions and Statesof LS|

Figure 6.1 shows the possible transitions among these operating modes. A transition is made from
the program execution state to the program halt state by executing a SLEEP instruction. Interrupts
allow for returning from the program halt state to the program execution state. A direct transition
between active mode and subactive mode, which are both program execution states, can be made
without halting the program. The operating frequency can also be changed in the same modes by
making a transition directly from active mode to active mode, and from subactive mode to
subactive mode. RES input enables transitions from a mode to the reset state. Table 6.2 shows the
transition conditions of each mode after the SLEEP instruction is executed and a mode to return
by an interrupt. Table 6.3 shows the internal states of the LSI in each mode.

Reset state

Program halt state

Program execution state Program halt state

Direct transition
interrupt

f a

Standby mode

SLEEP
instruction

SLEEP
instruction

Active mode B Interrupt

Sleep mode

] \ SLEEP

H instruction
E Direct Direct
‘transition transition |

linterrupt interrupt |

; SLEEP

instruction

instruction

Subactive
mode

Subsleep mode

Interrupt

Y NN W P -

.................... l feeeececoo-o---\c-- /Directtransition 1 oo
interrupt

Notes: 1. To make a transition to another mode by an interrupt, make sure interrupt handling is after the interrupt
is accepted.
2. Details on the mode transition conditions are given in table 6.2.

Figure6.1 Mode Transition Diagram
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Table6.2 Transition Mode after SL EEP Instruction Execution and Transition Mode due

to Interrupt
Transition Mode after
SLEEP Instruction Transition Mode due to
DTON SSBY SMSEL LSON Execution Interrupt
0 0 0 0 Sleep mode Active mode
1 Subactive mode
1 0 Subsleep mode Active mode
1 Subactive mode
1 X X Standby mode Active mode
1 X 0* 0 Active mode (direct —
transition)
X X 1 Subactive mode (direct —
transition)
[Legend]
X: Don't care.

Note: * When a state transition is performed while SMSEL is 1, timer V, SCI3, SCI3_2, SCI3_3,
and the A/D converter are reset, and all registers are set to their initial values. To use
these functions after entering active mode, reset the registers.
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Table6.3 Internal Statein Each Operating Mode
Subactive Subsleep Standby
Function Active Mode  Sleep Mode  Mode Mode Mode
System clock oscillator Functioning Functioning Halted Halted Halted
Subclock oscillator Functioning Functioning Functioning Functioning Functioning
CPU Instructions Functioning Halted Functioning Halted Halted
operations Registers Functioning Retained Functioning Retained Retained
RAM Functioning Retained Functioning Retained Retained
10 ports Functioning Retained Functioning Retained Register
contents are
retained, but
output is the
high-
impedance
state.
External IRQ3to IRQ0  Functioning Functioning Functioning Functioning Functioning
interrupts WKP5 to Functioning Functioning Functioning Functioning Functioning
WKPO
Peripheral RTC Functioning Functioning Functioning if the timekeeping time-base
functions function is selected, and retained if not selected
Timer V Functioning Functioning Reset Reset Reset
Watchdog Functioning Functioning Retained (functioning if the internal oscillator is
timer selected as a count clock*)
SCI3, SCI3_2, Functioning Functioning Reset Reset Reset
SCI3_3
lic2 Functioning Functioning Retained* Retained Retained
Timer B1 Functioning Functioning Retained* Retained Retained
Timer RD Functioning Functioning Retained (the counter is Retained
Timer RC Functioning Functioning |ncr<.emented by SL,JbCIOCk i Retained
the internal clock ¢ is selected
as a count clock*)
14-bit PWM Functioning Functioning Retained* Retained Retained
A/D converter  Functioning Functioning Reset Reset Reset
Note: * Registers can be read or written in subactive mode.
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6.2.1 Sleep Mode

In sleep mode, CPU operation is halted but the on-chip peripheral modules function at the clock
frequency set by the MA2, MA1, and MAO bits in SYSCR2. CPU register contents are retained.
When an interrupt is requested, sleep mode is cleared and interrupt exception handling starts.
Sleep mode is not cleared if the I bit of the condition code register (CCR) is set to 1 or the
requested interrupt is disabled in the interrupt enable register. After sleep mode is cleared, a
transition is made to active mode when the LSON bit in SYSCR2 is 0, and a transition is made to
subactive mode when the bit is 1. When the RES pin goes low, the CPU goes into the reset state
and sleep mode is cleared.

6.2.2 Standby Mode

In standby mode, the system clock oscillator stops, so the CPU and on-chip peripheral modules
stop functioning. However, as long as the rated voltage is supplied, the contents of CPU registers,
on-chip RAM, and some on-chip peripheral module registers are retained. On-chip RAM contents
will be retained as long as the voltage set by the RAM data retention voltage is provided. The I/O
ports go to the high-impedance state.

The standby mode is cleared by an interrupt. When an interrupt is requested, the system clock
oscillator starts. After the time set in bits STS2 to STSO in SYSCRI1 and bit STS3 in SYSCR3 has
elapsed, the standby mode is lifted and the interrupt exception handling starts. The standby mode
is not lifted if the I bit in CCR is set to 1 or the requested interrupt is disabled in the interrupt
enable register.

When the RES signal goes low, the on-chip oscillator starts oscillation. Since clock signals are
supplied to the entire chip as soon as the on-chip oscillator starts oscillation, the RES signal must
be kept low over a given time. After the given time, the CPU starts the reset exception handling
when the RES signal is driven high.
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6.2.3 Subsleep Mode

In subsleep mode, operation of the CPU and on-chip peripheral modules other than the RTC is
halted. As long as a required voltage is applied, the contents of CPU registers, the on-chip RAM,
and some registers of the on-chip peripheral modules are retained. I/O ports keep the same states
as before the transition.

The subsleep mode is lifted by an interrupt. When an interrupt is requested, the subsleep mode is
lifted and the interrupt exception handling starts. The subsleep mode is not lifted if the I bit in
CCRis set to 1 or the requested interrupt is disabled in the interrupt enable register. The mode
after the subsleep mode is lifted, a transition is made to the active mode or subactive mode
according to the LSON bit in SYSCR?2 is 0. After the time set in bits STS2 to STSO in SYSCR1
and bit STS3 in SYSCR has elapsed, a transition is made to active mode.

When the RES signal goes low, the on-chip oscillator starts oscillation. Since clock signals are
supplied to the entire chip as soon as the on-chip oscillator starts oscillation, the RES signal must
be kept low over a given time. After the given time, the CPU starts the reset exception handling
when the RES signal is driven high.

6.2.4 Subactive Mode

The operating frequency in subactive mode is selected from ¢,,/2, ¢,./4, and ¢,,/8 by the SA1 and
SAQ bits in SYSCR2. After the SLEEP instruction is executed, the operating frequency changes to
the frequency which is set before the execution.

When the SLEEP instruction is executed in subactive mode, a transition to sleep mode, subsleep
mode, standby mode, active mode, or subactive mode is made, depending on the combination of
SYSCRI1 and SYSCR2.

When the RES signal goes low, the on-chip oscillator starts oscillation. Since clock signals are
supplied to the entire chip as soon as the on-chip oscillator starts oscillation, the RES signal must
be kept low over a given time. After the given time, the CPU starts the reset exception handling
when the RES signal is driven high.

6.3 Operating Frequency in Active Mode

This LSI operates in active mode at the frequency specified by bits MA2, MA1, and MAO in
SYSCR2. The operating frequency changes to the set frequency after the SLEEP instruction
execution.
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6.4 Direct Transition

The CPU can execute programs in two modes: active and subactive modes. A direct transition is a
transition between these two modes without stopping program execution. A direct transition can
be made by executing the SLEEP instruction while the DTON bit in SYSCR2 is set to 1. The
direct transition also enables operating frequency modification in active or subactive mode. After
the mode transition, direct transition interrupt exception handling starts.

If the direct transition interrupt is disabled in interrupt enable register 1, a transition is made
instead to sleep or subsleep mode. Note that if a direct transition is attempted while the I bit in
CCR is set to 1, sleep or subsleep mode will be entered, and the resulting mode cannot be cleared
by means of an interrupt.

6.4.1 Direct Transition from Active M ode to Subactive M ode

The time from the start of the SLEEP instruction execution to the end of the interrupt exception
handling (the direct transition time) is calculated by equation (1).

Direct transition time = {(number of SLEEP instruction execution cycles) + (number of internal
clock cycles) }x (tcyc before transition) + (number of interrupt exception handling cycles) x
(tsubcyc after transition) .... (1)

Example 1: Case when the CPU operating clock changes from ¢__ to ¢./8

osc

Direct transition time = (2 + 1) xt, ., + 16 x 81, =31, + 1281,

Example 2: Case when the system clock source is Rosc/4 and the division ratio is 16; the CPU
operating clock changes from ¢/16 to ¢, /2

Direct transition time = (2 + 1) x 4t x 16 + 16 x 2t =192t + 321,
[Legend]
tosct OSC clock cycle time
teosc: Period of oscillation of the on-chip oscillator
ty: Watch clock cycle time

.. System clock (¢) cycle time

cye
t Subclock (¢g,,) cycle time

subcyc*®
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6.4.2 Direct Transition from Subactive Modeto Active M ode

The time from the start of the SLEEP instruction execution to the end of the interrupt exception
handling (the direct transition time) is calculated by equation (2).

Direct transition time = {(number of SLEEP instruction execution cycles) + (number of internal
processing cycles)} x (tsubcyc before transition) + {(waiting time set in bits STS2 to STS0) +
(number of interrupt exception handling cycles)} x (t__after transition) .... (2)

cyc

Example 1: Case when the CPU operating clock changes from ¢,/8 to ¢
32768 cycles is set

and a waiting time of

osc?

Direct transition time = (2 + 1) x 8t_+ (32768 + 16) x t, . =24t + 32784t

Example 2: Case when the CPU operating clock changes from ¢, /4 to Rosc/2, and a waiting time
of 4096 cycles is set

Direct transition time = (2 + 1) x 4 t_+ (4096 + 16) x t_ .. =121t + 8224t
[Legend]
tosce OSC clock cycle time
tosc: Period of oscillation of the on-chip oscillator
ty: Watch clock cycle time
teyc: System clock (¢) cycle time

tsubcyc:  Subclock (¢, cycle time

6.5 Module Standby Function

The module-standby function can be set to any peripheral module. In the module standby state, the
clock supply to modules stops to enter the power-down mode. Setting a bit in MSTCRI1,
MSTCR2, MSTCR4, or SMCR that corresponds to each module to 1 enables each on-chip
peripheral module to enter the module standby state and the module standby state is canceled by
clearing the bit to 0.
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Section 7 ROM

The features of the 128-kbyte flash memory in this LSI are summarized below.

Programming/erasing methods

— The flash memory is programmed 128 bytes at a time. Erasure is performed in single-block
units. The flash memory is configured as follows: four 1-kbyte blocks, one 28-kbyte block,
and three 32-kbyte blocks. To erase the entire flash memory, each block must be erased in
turn.

Reprogramming capability

— The flash memory can be reprogrammed up to 1,000 times.

On-board programming

— On-board programming/erasing can be done in boot mode, in which the boot program built

into the chip is started to erase or program of the entire flash memory. In normal user
programming mode, individual blocks can be erased or programmed.

Programmer mode

— Flash memory can be programmed/erased in programmer mode using a PROM
programmer, as well as in on-board programming mode.

Automatic bit rate adjustment

— For data transfer in boot mode, this LSI's bit rate can be automatically adjusted to match
the transfer bit rate of the host.

Programming/erasing protection
— Sets software protection against flash memory programming/erasing.
Power-down mode

— Operation of the power supply circuit can be partly halted in subactive mode. As a result,
flash memory can be read with low power consumption.

Rev. 1.50 Sep. 18,2007 Page 105 of 584
RENESAS REJ09B0240-0150



Section 7 ROM

7.1 Block Configuration

Figure 7.1 shows the block configuration of flash memory. The thick lines indicate erasing units,
the narrow lines indicate programming units, and the values in the frames are addresses. The 128-
kbyte flash memory is divided into four 1-kbyte blocks, one 28-kbyte block, and three 32-kbyte
blocks. Erasing is performed in these units.

Programming is performed in 128-byte units, each starting at an address with H'00 or H'80 as the
low-order byte.

| H'000000 ; H'000001 ; H'000002 ; <— Programming unit: 128 bytes — | H'00007F
Erasing unit:  —~ ' ' ' T o~
1 kbyte i ! ' ' : -
H'000380 | H'000381 | H'000382 ! " H'0003FF
e H000400 | H'000401 | H'000402 | <— Programming unit: 128 bytes —= | H'00047F
rasing unit:  J= T T T j oA
1 kbyte 1 : : : : 1
H'000780 | H'000781 ! H'000782 ! | H0007FF
Erasing unit H'000800 | H'000801 | H'000802 | <— Programming unit: 128 bytes — | H'00087F
rasing unit: ~ : : : : g~
1 kbyte ~T . . . ; -
H'000B80 | H'000B81 : H'000B82 ! ! HOO0BFF
Erasing unit H'000C00 ! H'000C01 | H'000C02! <— Programming unit: 128 bytes —» | H000C7F
ing unit: | T T T T 3.
1 kbyte - ; ; ; ; -
H'000F80 | H'O00F81 | H'000F82 ! ! HOOOFFF
Erasing unit: H'001000 I H'001001 I H'001002 I <— Programming unit: 128 bytes — I H'00107F
28kbytes ! ! ! : >
H'007F80 | H'007F81 | H'007F82 ! " HOO7FFF
Erasing unit: H'008000 ' H'008001 | H'008002 | <— Programming unit: 128 bytes — ! H'00807F
32 kbytes = ' ' ' ! -
H'00FF80 | H'OOFF81 | H'00FF82 ! " HOOFFFF
Erasing unit; H'010000 ! H010001 | H010002 | <— Programming unit: 128 bytes — ! H'01007F
32kbytes I~ oA
H'017F80 | HO17F81 | H'017F82 ! " HO17FFF
Erasingunit: | H'018000 | H018001 | H018002 ; <— Programming unit: 128 bytes — : H01807F
32kbytes T~ ! ! ! : >
H'01FF80 | HO1FF81 | H01FF82 ! ' HO1FFFF

Figure7.1 Block Configuration of Flash Memory
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7.2 Register Descriptions

The flash memory has the following registers.

e Flash memory control register 1 (FLMCRI1)
e Flash memory control register 2 (FLMCR?2)

e Frase block register 1 (EBR1)

e Flash memory power control register (FLPWCR)

e Flash memory enable register (FENR)

721 Flash Memory Control Register 1 (FLMCR1)

FLMCRI is a register that makes the flash memory change to programming mode, program-verify
mode, erasing mode, or erase-verify mode. For details on register setting, refer to section 7.4,

Flash Memory Programming/Erasing.

Initial

Bit Bit Name Value R/W Description

7 — 0 — Reserved
This bit is always read as 0.

6 SWE 0 R/W Software Write Enable
When this bit is set to 1, flash memory
programming/erasing is enabled. When this bit is
cleared to 0, other FLMCR1 register bits and all EBR1
bits cannot be set.

5 ESU 0 R/W Erasure Setup
When this bit is set to 1, the flash memory changes to
the erasure setup state. When it is cleared to 0, the
erasure setup state is cancelled. Set this bit to 1 before
setting the E bit to 1 in FLMCR1.

4 PSU 0 R/W Program Setup
When this bit is set to 1, the flash memory changes to
the program setup state. When it is cleared to 0, the
program setup state is cancelled. Set this bit to 1
before setting the P bit in FLMCR1.

3 EV 0 R/W Erase-Verify

When this bit is set to 1, the flash memory changes to
erase-verify mode. When it is cleared to O, erase-verify
mode is cancelled.
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Initial

Bit Bit Name Value R/W Description

2 PV 0 R/W Program-Verify
When this bit is set to 1, the flash memory changes to
program-verify mode. When it is cleared to 0, program-
verify mode is cancelled.

1 E 0 R/W Erasure
When this bit is set to 1 while SWE=1 and ESU=1, the
flash memory changes to erasing mode. When it is
cleared to 0, erasing mode is cancelled.

0 P 0 R/W Program

When this bit is set to 1 while SWE=1 and PSU=1, the
flash memory changes to programming mode. When it
is cleared to 0, programming mode is cancelled.

722 Flash Memory Control Register 2 (FLMCR2)

FLMCR? is a register that displays the state of flash memory programming/erasing. FLMCR2 is a
read-only register, and should not be written to.

Initial

Bit Bit Name Value R/W Description

7 FLER 0 R Flash Memory Error
Indicates that an error has occurred during an
operation on flash memory (programming or erasing).
When FLER is set to 1, flash memory goes to the error-
protection state.
See section 7.5.3, Error Protection, for details.

6to00 — All O — Reserved

These bits are always read as 0.
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7.2.3 Erase Block Register 1 (EBR1)

EBRI1 specifies whether or not a block in the flash memory is erased. EBRI1 is initialized to H'00
when the SWE bit in FLMCRU1 is 0. Do not set more than one bit at a time, as this will cause all
the bits in EBR1 to be automatically cleared to 0.

Initial

Bit Bit Name Value R/W Description

7 EB7 0 R/W When this bit is set to 1, 32 kbytes of H'018000 to
H'01FFFF will be erased.

6 EB6 0 R/W When this bit is set to 1, 32 kbytes of H'010000 to
H'017FFF will be erased.

5 EB5 0 R/W When this bit is set to 1, 32 kbytes of H'008000 to
H'O0FFFF will be erased.

4 EB4 0 R/W When this bit is set to 1, 28 kbytes of H'001000 to
H'007FFF will be erased.

3 EB3 0 R/W When this bit is set to 1, 1 kbyte of H'000C00 to
H'000FFF will be erased.

2 EB2 0 R/W When this bit is set to 1, 1 kbyte of H'000800 to
H'000BFF will be erased.

1 EB1 0 R/W When this bit is set to 1, 1 kbyte of H'000400 to
H'0007FF will be erased.

0 EBO 0 R/W When this bit is set to 1, 1 kbyte of H'000000 to

H'0003FF will be erased.
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724 Flash Memory Power Control Register (FLPWCR)

FLPWCR enables or disables a transition to the flash memory power-down mode when the LSI
switches to subactive mode. There are two modes: mode in which operation of the power supply
circuit of flash memory is partly halted in power-down mode and flash memory can be read, and
mode in which even if a transition is made to subactive mode, operation of the power supply
circuit of flash memory is retained and flash memory can be read.

Initial

Bit Bit Name Value R/W Description

7 PDWND 0 R/W Power-Down Disable
When this bit is 0 and a transition is made to subactive
mode, the flash memory enters the power-down mode.
When this bit is 1, the flash memory remains in the
normal mode even after a transition is made to
subactive mode.

6to0 — AllO — Reserved

These bits are always read as 0.

725 Flash Memory Enable Register (FENR)

Bit 7 (FLSHE) in FENR enables or disables the CPU access to the flash memory control registers,
FLMCRI1, FLMCR2, EBR1, and FLPWCR.

Initial

Bit Bit Name Value R/W Description

7 FLSHE 0 R/W Flash Memory Control Register Enable
Flash memory control registers can be accessed when
this bit is set to 1. Flash memory control registers
cannot be accessed when this bit is set to 0.

6 — 0 R/W Reserved
This bit can be read from or written to, but should not be
setto 1.

5t00 — AllO — Reserved

These bits are always read as 0.
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7.3 On-Board Programming Modes

There are two modes for programming/erasing of the flash memory; boot mode, which enables on-
board programming/erasing, and programmer mode, in which programming/erasing is performed
with a PROM programmer. On-board programming/erasing can also be performed in user
programming mode. At reset-start in reset mode, this LSI changes to a mode depending on the
TEST pin settings, NMI pin settings, and input level of each port, as shown in table 7.1. The input
level of each pin must be defined four states before the reset ends.

When changing to boot mode, the boot program built into this LSI is initiated. The boot program
transfers the programming control program from the externally-connected host to on-chip RAM
via SCI3. After erasing the entire flash memory, the programming control program is executed.
This can be used for programming initial values in the on-board state or for a forcible return when
programming/erasing can no longer be done in user programming mode. In user programming
mode, individual blocks can be erased and programmed by branching to the user
programming/erasure control program prepared by the user.

Table7.1  Setting Programming M odes

TEST  NMI P85 PCO PC1 PC2 LSI State after Reset End
0 1 X X X X User Mode

0 0 1 X X X Boot Mode

1 X X 0 0 0 Programmer Mode
[Legend]

X : Don't care.

7.3.1 Boot Mode

Table 7.2 shows the boot mode operations between reset end and branching to the programming
control program.

1. When boot mode is used, the flash memory programming control program must be prepared in
the host beforehand. Prepare a programming control program in accordance with the
description in section 7.4, Flash Memory Programming/Erasing.

2. SCI3 should be set to asynchronous mode, and the transfer format as follows: 8-bit data, 1 stop
bit, and no parity.
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8.

When the boot program is initiated, the chip measures the low-level period of asynchronous
SCI communication data (H'00) transmitted continuously from the host. The chip then
calculates the bit rate of transmission from the host, and adjusts the SCI3 bit rate to match that
of the host. The reset should end with the RxD pin high. The RxD and TxD pins should be
pulled up on the board if necessary. After the reset is complete, it takes approximately 100
states before the chip is ready to measure the low-level period.

After matching the bit rates, the chip transmits one H'00 byte to the host to indicate the
completion of bit rate adjustment. The host should confirm that this adjustment end indication
(H'00) has been received normally, and transmit one H'55 byte to the chip. If reception could
not be performed normally, initiate boot mode again by a reset. Depending on the host's
transfer bit rate and system clock frequency of this LSI, there will be a discrepancy between
the bit rates of the host and the chip. To operate the SCI properly, set the host's transfer bit rate
and system clock frequency of this LSI within the ranges listed in table 7.3.

In boot mode, a part of the on-chip RAM area is used by the boot program. The area H'FFF780
to H'FFFEEF is the area to which the programming control program is transferred from the
host. The boot program area cannot be used until the execution state in boot mode switches to
the programming control program.

Before branching to the programming control program, the chip terminates transfer operations
by SCI3 (by clearing the RE and TE bits in SCR to 0), however the adjusted bit rate value
remains set in BRR. Therefore, the programming control program can still use it for transfer of
program data or verify data with the host. The TxD pin is high (PCR22 = 1, P22 = 1). The
contents of the CPU general registers are undefined immediately after branching to the
programming control program. These registers must be initialized at the beginning of the
programming control program, as the stack pointer (SP), in particular, is used implicitly in
subroutine calls, etc.

Boot mode can be cleared by a reset. End the reset after driving the reset pin low, waiting at
least 20 states, and then setting the TEST pin and NMI pin. Boot mode is also cleared when a
WDT overflow occurs.

Do not change the TEST pin and NMI pin input levels in boot mode.
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Table7.2 Boot Mode Operation

I Host Operation LSI Operation
(]
= Processing Contents Communication Contents Processing Contents
é Branches to boot program at reset-start.
8
€
g —
g Boot program initiation
5
o
3 |
.~ | Continuously transmits data H'00 H'00, H'00 - - - H'00 - . A\ " )
= at specified bit rate. P * Measures low-level period of receive data
S H'00.
El * Calculates bit rate and sets BRR in SCI3.
kel | . . .
g Transmits data H'55 when data H00 g H'00  Transmits data H'00 to host as adjustment
® is received error-free. H'55 end indication.
= | P H'55 reception
?‘é H'FF +
5 Boot program & Checks flash memory data, erases all flash
> erase error memory blocks in case of written data
g existing, and transmits data H'AA to host.
9] HAA (If erasing could not be done, transmits data
_E H'AA reception < H'FF to host and aborts operation.)
3
= | |
. * Upper bytes, lower bytes |
.. | Transmits number of bytes (N) of P Echobacks the 2-byte data
° g programming control program to be Echoback received to host.
Q@ 5| transferred as 2-byte data -
B‘g_ (low-order byte following high-order
G| byte)
o=
'E § H'XX Echobacks received data to host and also
2 ol Transmits 1-byte of programming P transfers it to RAM.
c f Echoback :
BE control program (repeated for N times) g (repeated for N times)
o E
©o
= Q ' X
H'AA reception - HAA Transmits data H'AA to host.
|

v

Branches to programming control program
transferred to on-chip RAM and starts
execution.
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Table7.3 System Clock Frequenciesfor which Automatic Adjustment of L S| Bit Rateis

Possible
Host Bit Rate System Clock Frequency Range of LSI
9,600 bps On-chip oscillator (10 MHz)
4,800 bps
2,400 bps

732 Programming/Erasing in User Programming M ode

On-board programming/erasing of an individual flash memory block can also be performed in user
programming mode by branching to a user programming/erasure control program. The user must
set branching conditions and provide on-board means of supplying programming data. The flash
memory must contain the user programming/erasure control program or a program that provides
the user programming/erasure control program from external memory. As the flash memory itself
cannot be read during programming/erasing, transfer the user programming/erasure control
program to on-chip RAM, as in boot mode. Figure 7.2 shows a sample procedure for
programming/erasing in user programming mode. Prepare a user programming/erasure control
program in accordance with the description in section 7.4, Flash Memory Programming/Erasing.

Reset-start

No

Programing/erase?

Y

Transfer user programing/erase Branch to flash memory application
control program to RAM program

!

Branch to user programing/erase
control program in RAM

:

Execute user programing/erase control
program (flash memory rewrite)

:

Branch to flash memory application
program

Figure7.2 Programming/Erasing Flowchart Examplein User Programming Mode
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74 Flash Memory Programming/Erasing

A software method using the CPU is employed to program and erase flash memory in the on-
board programming modes. Depending on the FLMCRI1 setting, the flash memory operates in one
of the following four modes: Programming mode, program-verify mode, erasing mode, and erase-
verify mode. The programming control program in boot mode and the user programming/erasure
control program in user programming mode use these operating modes in combination to perform
programming/erasing. Flash memory programming and erasing should be performed in
accordance with the descriptions in section 7.4.1, Programming/Program-Verify and section 7.4.2,
Erasure/Erase-Verify, respectively.

74.1 Programming/Program-Verify

When writing data or programs to the flash memory, the programming/program-verify flowchart
shown in figure 7.3 should be followed. Performing programming operations according to this
flowchart will enable data or programs to be written to the flash memory without subjecting the
chip to voltage stress or sacrificing program data reliability.

1. Programming must be done to an empty address. Do not reprogram an address to which
programming has already been performed.

2. Programming should be carried out 128 bytes at a time. A 128-byte data transfer must be
performed even if writing fewer than 128 bytes. In this case, H'FF data must be written to the
extra addresses.

3. Prepare the following data storage areas in RAM: A 128-byte programming data area, a 128-
byte reprogramming data area, and a 128-byte additional-programming data area. Perform
reprogramming data computation according to table 7.4, and additional programming data
computation according to table 7.5.

4. Consecutively transfer 128 bytes of data in byte units from the reprogramming data area or
additional-programming data area to the flash memory. The program address and 128-byte
data are latched in the flash memory. The lower 8 bits of the start address in the flash memory
destination area must be H'00 or H'80.

5. The time during which the P bit is set to 1 is the programming time. Table 7.6 shows the
allowable programming times.

6. The watchdog timer (WDT) is set to prevent overprogramming due to program runaway, etc.
An overflow cycle of approximately 6.6 ms is allowed.

7. For a dummy write to a verify address, write 1-byte data H'FF to an address whose lower 2

bits are B'00. Verify data can be read in words or in longwords from the address to which a
dummy write was performed.
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8.
same bit is 1,000.

The maximum number of repetitions of the programming/program-verify sequence of the

Write pulse application subroutine

| WDT enable |
1

| Set PSU bit in FLMCR1 | *
1

| Wait 50 us |
1

| Set P bit in FLMCR1 |

I Wait (Wait time = programming time) I

‘ START ’

Set SWE bit in FLMCR1

Wait 1 us

Store 128-byte program data
in program data area and
reprogram data area

n=1

m =0

Write 128-byte data in RAM
reprogram data area consecutively
to flash memory

en et

I Apply Write pulse I

Set PV bit in FLMCR1

I
| Wait 4 us |

Set block start address as
verify address
T

| Clear P bit in FLMCR1 |
1

I Wait 5 us I
1

| Clear PSU bit in FLMCR1 |
1

| Wait 5 s |
1

| Disable WDT |

I Increment address I

1
IH'FF dummy write to verify addressl

I Wait 2 us | ) *
T
| Read verify data |
erify data = No
write data?
Yes m

Additional-programming
data computation

I Reprogram data computation I

| Clear PV bitin FLMCR1 |

| Wait 2 us |

Yes

Successively write 128-byte data
from additional-programming data
area in RAM to flash memory

| Sub-Routine-Call

[T~ Aepy Wit Puse ]
o "
Yes

| cClear SWE bitin FLMCR1 |

| clear SWE bitin FLMCR1 |
1

L
| Wait 100 ps |

| Wait 100 us |

End of programming

Note: * The RTS instruction must not be used during the following 1. and 2. periods.
1. A period between 128-byte data programming to flash memory and the P bit clearing
2. A period between dummy writing of H'FF to a verify address and verify data reading

Programming failure

Figure7.3 Programming/Program-Verify Flowchart
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Table7.4

Reprogramming Data Computation Table

Reprogramming

Programming Data Verify Data Data Comments

0 0 1 Programming completed

0 1 0 Reprogramming bit

1 0 1 —

1 1 1 Remains in erased state
Table7.5 Additional-Program Data Computation Table

Reprogramming Additional-Program

Data Verify Data Data Comments

0 0 0 Additional-program bit

0 1 1 No additional programming
1 0 1 No additional programming
1 1 1 No additional programming
Table7.6  Programming Time

n Programming In Additional

(Number of Writes) Time Programming Comments

1106 30 10

7 to 1,000 200 —

Note: Time shown in ps.

RENESAS
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742 Erasure/Erase-Verify

When erasing flash memory, the erasure/erase-verify flowchart shown in figure 7.4 should be
followed.

1. Prewriting (setting erase block data to all Os) is not necessary.

2. Erasing is performed in block units. Make only a single-bit specification in the erase block
register (EBR1). To erase multiple blocks, each block must be erased in turn.

3. The time during which the E bit is set to 1 is the flash memory erase time.

4. The watchdog timer (WDT) is set to prevent overerasing due to program runaway, etc. An
overflow cycle of approximately 19.8 ms is allowed.

5. For a dummy write to a verify address, write 1-byte data H'FF to an address whose lower two
bits are B'00. Verify data can be read in longwords from the address to which a dummy write
was performed.

6. If the read data is not erased successfully, set erasing mode again, and repeat the erase/erase-
verify sequence as before. The maximum number of repetitions of the erase/erase-verify
sequence is 100.

74.3 Interrupt Handling when Programming/Erasing Flash Memory

All interrupts, including the NMI interrupt, are disabled while flash memory is being programmed
or erased, or while the boot program is executing, for the following three reasons:

1. Interrupt during programming/erasing may cause a violation of the programming or erasing
algorithm, with the result that normal operation cannot be assured.

2. If interrupt exception handling starts before the vector address is written or during
programming/erasing, a correct vector cannot be fetched and the CPU malfunctions.

3. If an interrupt occurs during boot program execution, normal boot mode sequence cannot be
carried out.
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| SWE bit « 1 |
¥

| Wait 1 us |
[
Y

| ne 1 |
[]

[ Set EBR1 |
|
Y

[ Enable WDT |
¥

| ESU bit < 1 ]
¥

| Wait 100 pis |
¥

| E bit « 1 |
¥

| Wait 10 ms |
¥

[ E bit < 0 |
¥

| Wait 10 us |
Y

| ESU bit < 10 |
Y

| 10 pis |
¥

| Disable WDT |
Y

[ EV bit < 1 |
L]

[ Wait 20 {15 |
Y

| Set block start address as verify address |
Y

| HFF dummy write to verify address |
Y

I Waiﬂt&p_s I)* | ne«n+1 I

| Read verify data |

Verify data + all 1s 2

Yes

No

| Increment address |

Last address of block ?

| EV bit « 0 | | EV bit « 0 ]
1 [

Wait 4 us | | Wait 4us |

No All erasing block @ Yes
erased 2
Yes No
[ SWE bit < 0 ] I SWE bit < 0 ]
Y Y
| Wait 100 ps | [ Wait 100 ps |

7
End of erasing

Note: * The RTS instruction must not be used during a period between dummy writing of H'FF to a verify address and verify data reading.

Figure7.4 Erasure/Erase-Verify Flowchart
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7.5 Programming/Erasing Protection

There are three types of flash memory programming/erasing protection; hardware protection,
software protection, and error protection.

751 Har dwar e Protection

Hardware protection refers to a state in which programming/erasing of flash memory is forcibly
disabled or aborted because of a transition to reset, subactive mode, subsleep mode, or standby
mode. Flash memory control register 1 (FLMCR1), flash memory control register 2 (FLMCR?2),
and erase block register 1 (EBR1) are initialized. In a reset via the RES pin, the reset state is not
entered unless the RES pin is held low until oscillation stabilizes after powering on. In the case of
a reset during operation, hold the RES pin low for the RES pulse width specified in the AC
Characteristics section.

75.2 Softwar e Protection

Software protection can be implemented against programming/erasing of all flash memory blocks
by clearing the SWE bit in FLMCR1. When software protection is in effect, setting the P or E bit
in FLMCRI1 does not cause a transition to programming mode or erasing mode. By setting the
erase block register 1 (EBR1), erase protection can be set for individual blocks. When EBRI is set
to H'00, erase protection is set for all blocks.

7.5.3 Error Protection

In error protection, an error is detected when CPU runaway occurs during flash memory
programming/erasing, or operation is not performed in accordance with the programming/erasing
algorithm, and the programming/erasing operation is forcibly aborted. Aborting the
programming/erasing operation prevents damage to the flash memory due to overprogramming or
overerasing.

When the following errors are detected during programming/erasing of flash memory, the FLER
bit in FLMCR?2 is set to 1, and the error protection state is entered.

e When the flash memory of the relevant address area is read during programming/erasing
(including vector read and instruction fetch)
e Immediately after exception handling excluding a reset during programming/erasing

e When a SLEEP instruction is executed during programming/erasing
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The FLMCR1, FLMCR?2, and EBRI settings are retained, however programming mode or erasing
mode is aborted at the point at which the error occurred. Programming mode or erasing mode
cannot be re-entered by re-setting the P or E bit. However, PV and EV bit settings are retained,
and a transition can be made to verify mode. Error protection can be cleared only by a power-on
reset.

7.6 Programmer Mode

In programmer mode, a PROM programmer can be used to perform programming/erasing via a
socket adapter, just as a discrete flash memory. Use a PROM programmer that supports the MCU
device type with the on-chip Renesas Technology 128-kbyte flash memory.

1.7 Power-Down Statesfor Flash Memory
In user mode, the flash memory will operate in either of the following states:

e Normal operating mode
The flash memory can be read and written to at high speed.
e Power-down operating mode

The power supply circuit of flash memory can be partly halted. As a result, flash memory can
be read with low power consumption.

¢ Standby mode

All flash memory circuits are halted.

Table 7.7 shows the correspondence between the operating modes of this LSI and the flash
memory. In subactive mode, the flash memory can be set to operate in power-down mode with the
PDWND bit in FLPWCR. When the flash memory returns to its normal operating state from
power-down mode or standby mode, a period to stabilize operation of the power supply circuits
that were stopped is needed. When the flash memory returns to its normal operating state, bits
STS2 to STSO in SYSCRI1 and bit STS3 in SYSCR3 must be set so that the waiting time is100 ps
or more, even when the external clock is being used.
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Table7.7 Flash Memory Operating States

Flash Memory Operating State

LSI Operating State PDWND = 0 (Initial Value) PDWND =1

Active mode Normal operating mode Normal operating mode
Subactive mode Power-down mode Normal operating mode
Sleep mode Normal operating mode Normal operating mode
Subsleep mode Standby mode Standby mode

Standby mode Standby mode Standby mode
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Section 8§ RAM

This LSI has an on-chip high-speed static RAM. The RAM is connected to the CPU by a 16-bit
data bus, enabling the CPU to access both byte data and word data in two states.

Product Classification RAM Size RAM Address
Flash memory version H8/36109F 5 kbytes H'FFE400 to H'FFEFFF,
(F-ZTAT version) H'FFF780 to H'FFFF7F*

Note: * When the E7 is used, the area from H'FFF780 to H'FFFB7F must not be accessed.
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Section 9 /O Ports

Section 9 1/0 Ports

This LSI has seventy-nine general I/O ports and eight general input-only ports. Twenty ports are
large current ports, which can drive 20 mA (@V_ = 1.5 V) when a low level signal is output. Any
of these ports can become an input port immediately after a reset. They can also be used as I/O
pins of the on-chip peripheral modules or external interrupt input pins, and these functions can be
switched depending on the register settings. The registers for selecting these functions can be
divided into two types: those included in I/O ports and those included in each on-chip peripheral
module. General I/O ports are comprised of the port control register for controlling inputs/outputs
and the port data register for storing output data and can select inputs/outputs in bit units.

For functions in each port, see appendix B.1, I/O Port Block Diagrams. For the execution of bit-
manipulation instructions to the port control register and port data register, see section 2.8.3, Bit
Manipulation Instruction.

9.1 Port 1

Port 1 is a general I/O port also functioning as IRQ interrupt input pins, an RTC output pin, a 14-
bit PWM output pin, a timer B1 input pin, and a timer V input pin. Figure 9.1 shows its pin
configuration.

l<—> P17/IRQ3/TRGV
l«<—> P16/IRQ2
<— P15/[RQ1/TMIB1
Port1 |<—» P14/IRQ0
l«—> P12

<+—> P11/PWM
<+— P10/TMOW

Figure9.1 Port 1 Pin Configuration
Port 1 has the following registers.

e Port mode register 1 (PMR1)

e Port control register 1 (PCR1)

e Port data register 1 (PDR1)

e Port pull-up control register 1 (PUCR1)
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911 Port Mode Register 1 (PMR1)

PMRI1 switches functions of pins in port 1 and port 2.

Initial
Bit Bit Name Value R/W Description
7 IRQ3 0 R/W Selects the function of pin P17/IRQ3/TRGV.

0: General I/O port
1: IRQ3/TRGV input pin

6 IRQ2 0 R/W Selects the function of pin P16/IRQ2.
0: General 1/O port
1: IRQ2 input pin

5 IRQ1 0 R/W Selects the function of pin P15/IRQ1/TMIB1.
0: General I/O port
1: IRQ1/TMIB1 input pin

4 IRQO 0 R/W Selects the function of pin P14/IRQO.
0: General 1/O port
1: IRQO input pin

3 TXD2 0 R/W Selects the function of pin P72/TXD_2.
0: General I/O port
1: TXD_2 output pin

2 PWM 0 R/W Selects the function of pin P11/PWM.
0: General 1/O port
1: PWM output pin

1 TXD 0 R/W Selects the function of pin P22/TXD.
0: General 1/O port
1: TXD output pin

0 TMOW 0 R/W Selects the function of pin P10/TMOW.
0: General I/O port
1: TMOW output pin
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9.1.2 Port Control Register 1 (PCR1)

PCRI1 selects inputs/outputs in bit units for pins to be used as general I/O ports of port 1.

Initial
Bit Bit Name Value R/W Description
7 PCR17 0 w When the corresponding pin is designated in PMR1 as
6 PCR16 0 W a general I/O pin, setting a PCR1 bit to 1 makes the
corresponding pin an output port, while clearing the bit
S PCR15 0 W to 0 makes the pin an input port.
4 PCR14 0 W Bit 3 is a reserved bit.
3 — — —
2 PCR12 0 w
1 PCR11 0 w
0 PCR10 0 w

913 Port Data Register 1 (PDR1)

PDRI1 is a general I/O port data register of port 1.

Initial
Bit Bit Name Value R/W Description
7 P17 0 R/W PDR1 stores output data for port 1 pins.
6 P16 0 R/W If PDR1 is read while PCR1 bits are set to 1, the values
5 P15 0 R/W stored in PDR1 are read. If PDR1 is read while PCR1
bits are cleared to 0, the pin states are read regardless
4 P14 0 R/W of the value stored in PDR1.
3 - 1 - Bit 3 is a reserved bit. This bit is always read as 1.
2 P12 0 R/W
1 P11 0 R/W
0 P10 0 R/W
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9.14 Port Pull-Up Control Register 1 (PUCR1)

PUCRI controls the pull-up MOS in bit units of the pins set as the input ports.

Initial
Bit Bit Name Value R/W Description
7 PUCR17 0 R/W Only bits for which PCR1 is cleared are valid. The pull-
6 PUCR16 0 R/W up MOSs of P17 to P1_4 and P12 to P10 pins enter the
on-state when these bits are set to 1, while they enter
S PUCR15 0 R/W the off-state when these bits are cleared to 0.
4 PUCR14 0 R/W Bit 3 is a reserved bit. This bit is always read as 1.
3 — 1 —
2 PUCR12 0 R/W
1 PUCR11 0 R/W
0 PUCR10 O R/W

9.15 Pin Functions
The correspondence between the register specification and the port functions is shown below.

e P17/IRQ3/TRGV pin

Register PMR1 PCR1
Bit Name IRQ3 PCR17 Pin Function
Setting value 0 0 P17 input pin
1 P17 output pin
1 X IRQ3 input/TRGV input pin

[Legend] X: Don't care.
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e P16/IRQ2 pin

Register PMR1 PCR1
Bit Name IRQ2 PCR16 Pin Function
Setting value 0 0 P16 input pin
1 P16 output pin
1 X TRQ2 input pin
[Legend] X: Don't care.
e PI15/IRQI/TMIBI pin
Register PMR1 PCR1
Bit Name IRQ1 PCR15 Pin Function
Setting value 0 0 P15 input pin
1 P15 output pin
1 X IRQ1 input/TMIB1 input pin
[Legend] X: Don't care.
e PI4/IRQO pin
Register PMR1 PCR1
Bit Name IRQO PCR14 Pin Function
Setting value 0 0 P14 input pin
1 P14 output pin
1 X IRQO input pin

[Legend] X: Don't care.

e P12 pin
Register PCR1
Bit Name PCR12

Pin Function

Setting value 0

P12 input pin

1

P12 output pin
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e P11/PWM pin

Register PMR1 PCR1
Bit Name PWM PCR11 Pin Function
Setting value 0 0 P11 input pin
1 P11 output pin
1 X PWM output pin
[Legend] X: Don't care.
e P10/TMOW pin
Register PMR1 PCR1
Bit Name TMOW PCR10 Pin Function
Setting value 0 0 P10 input pin
1 P10 output pin
1 X TMOW output pin
[Legend] X: Don't care.
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9.2 Port 2

Port 2 is a general 1/O port also functioning as SCI3 I/O pins. Each pin of port 2 is shown in figure
9.2. The register settings of PMR1 and SCI3 have priority for functions of the pins for both uses.

Port 2

<—» P27
«—> P26
<—> P25
<— P24
<+—» P23

<«— P22/TXD
<— P21/RXD
|<«—> P20/SCK3

Figure9.2 Port 2 Pin Configuration

Port 2 has the following registers.

e Port control register 2 (PCR2)
e Port data register 2 (PDR2)
e Port mode register 3 (PMR3)

921 Port Control Register 2 (PCR2)

PCR2 selects inputs/outputs in bit units for pins to be used as general I/O ports of port 2.

Initial
Bit Bit Name Value R/W Description
7 PCR27 0 w When each of the port 2 pins P24 to P20 functions as a
6 PCR26 0 W general I/O port, setting a PCR2 bit to 1 makes the
corresponding pin an output port, while clearing the bit
S PCR25 0 W to 0 makes the pin an input port.
4 PCR24 0 w
3 PCR23 0 w
2 PCR22 0 w
1 PCR21 0 w
0 PCR20 0 w
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9.2.2 Port Data Register 2 (PDR2)

PDR?2 is a general I/O port data register of port 2.

Initial
Bit Bit Name Value R/W Description
7 P27 0 R/W PDR2 stores output data for port 2 pins.
6 P26 0 R/W If PDR2 is read while PCR2 bits are set to 1, the values
5 P25 0 R/W stored in PDR2 are read. If PDR2 is read while PCR2
bits are cleared to 0, the pin states are read regardless
4 P24 0 R/W of the value stored in PDR2.
3 P23 0 R/W
2 P22 0 R/W
1 P21 0 R/W
0 P20 0 R/W

9.2.3 Port Mode Register 3 (PMR3)

PMR3 selects the CMOS output or NMOS open-drain output for port 2.

Initial
Bit Bit Name Value R/W Description
7 POF27 0 R/W When the bit is set to 1, the corresponding pin is cut off
6 POF26 0 R/W by PMOS and it functions as the_NMOS_ open-drain
output. When cleared to 0, the pin functions as the
5 POF25 0 RW  cMOS output.
4 POF24 0 R/W
3 POF23 0 R/W
2t00 — All'1 — Reserved

These bits are always read as 1.
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924 Pin Functions

The correspondence between the register specification and the port functions is shown below.

e P27 pin
Register PCR2
Bit Name PCR27 Pin Function
Setting Value 0 P27 input pin
1 P27 output pin
e P26 pin
Register PCR2
Bit Name PCR26 Pin Function
Setting Value 0 P26 input pin
1 P26 output pin
e P25 pin
Register PCR2
Bit Name PCR25 Pin Function
Setting Value 0 P25 input pin
1 P25 output pin
e P24 pin
Register PCR2
Bit Name PCR24 Pin Function
Setting Value 0 P24 input pin
1 P24 output pin
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e P23 pin
Register PCR2
Bit Name PCR23 Pin Function
Setting Value 0 P23 input pin
1 P23 output pin
e P22/TXD pin
Register PMR1 PCR2
Bit Name TXD PCR22 Pin Function
Setting Value 0 0 P22 input pin
1 P22 output pin
1 X TXD output pin
[Legend] X: Don't care.
e P21/RXD pin
Register SCR3 PCR2
Bit Name RE PCR21 Pin Function
Setting Value 0 0 P21 input pin
1 P21 output pin
1 X RXD input pin
[Legend] X: Don't care.
e P20/SCK3 pin
Register SCR3 SMR PCR2
Bit Name CKE1l CKEO COM PCR20 Pin Function
Setting Value 0 0 0 0 P20 input pin
1 P20 output pin
0 1 X SCKS output pin
1 X X SCKS output pin
1 X X X SCKS input pin

[Legend] X: Don't care.
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9.3 Port 3

Port 3 is a general I/O port. Each pin of port 3 is shown in figure 9.3.

Port 3

l«—> P37
l«—> P36
l«—> P35
«— P34
l«—> P33
«— P32
l«—> P31

l«—> P30

Port 3 has the following registers.

e Port control register 3 (PCR3)
e Port data register 3 (PDR3)

931 Port Control Register 3 (PCR3)

Figure9.3 Port 3 Pin Configuration

PCR3 selects inputs/outputs in bit units for pins to be used as general I/O ports of port 3.

Initial
Bit Bit Name Value R/W Description
7 PCR37 0 w Setting a PCR3 bit to 1 makes the corresponding pin
6 PCR36 0 W an output port, while clearing the bit to 0 makes the pin
an input port.
5 PCR35 0 w
4 PCR34 0 w
3 PCR33 0 w
2 PCR32 0 w
1 PCR31 0 w
0 PCR30 0 w
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932

Port Data Register 3 (PDR3)

PDR3 is a general I/O port data register of port 3.

Initial
Bit Bit Name Value R/W Description
7 P37 0 R/W  PDRS stores output data for port 3 pins.
6 P36 0 R/W  If PDR3 is read while PCR3 bits are set to 1, the values
5 P35 0 R/W stored in PDRS are read. If PDR3 is read while PCR3
bits are cleared to 0, the pin states are read regardless
4 P34 0 R/W " of the value stored in PDR3.
3 P33 0 R/W
2 P32 0 R/W
1 P31 0 R/W
0 P30 0 R/W
9.33 Pin Functions

The correspondence between the register specification and the port functions is shown below.

e P37 pin

Register PCR3

Bit Name PCR37 Pin Function

Setting Value 0 P37 input pin
1 P37 output pin

e P36 pin

Register PCR3

Bit Name PCR36 Pin Function

Setting Value 0 P36 input pin

P36 output pin
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e P35 pin

Register PCR3

Bit Name PCR35 Pin Function

Setting Value 0 P35 input pin
1 P35 output pin

e P34 pin

Register PCR3

Bit Name PCR34

Pin Function

Setting Value 0

P34 input pin

1

P34 output pin

e P33 pin

Register PCR3

Bit Name PCR33

Pin Function

Setting Value 0

P33 input pin

1

P33 output pin

e P32 pin

Register PCR3

Bit Name PCR32

Pin Function

Setting Value 0

P32 input pin

1

P32 output pin

e P31 pin

Register PCR3

Bit Name PCR31

Pin Function

Setting Value 0

P31 input pin

1

P31 output pin

RENESAS
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e P30 pin

Register PCR3

Bit Name PCR30 Pin Function

Setting Value 0 P30 input pin
1 P30 output pin

94 Port 5

Port 5 is a general I/O port also functioning as an I°C bus interface I/O pin and a wakeup interrupt
input pin. Each pin of port 5 is shown in figure 9.4. The register setting of the I’C bus interface has
priority for functions of the pins P57/SCL and P56/SDA. Since the output buffer for pins P56 and
P57 has the NMOS push-pull structure, it differs from an output buffer with the CMOS structure
in the high-level output characteristics (see section 23, Electrical Characteristics).

<—> P57/SCL

<—> P56/SDA

[<— P55/WKP5
<—> P54/WKP4
<—> P53/WKP3
<— P52/WKP2
<—> P51/WKP1
<—> P50/WKPO

Port 5

Figure9.4 Port 5 Pin Configuration
Port 5 has the following registers.

e Port mode register 5 (PMRS)

e Port control register 5 (PCRS)

e Port data register 5 (PDRS5)

e Port pull-up control register 5 (PUCRS)
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94.1 Port Mode Register 5 (PMR5)

PMRS5 switches functions of pins in port 5.

Initial
Bit Bit Name Value R/W Description
7 POF57 0 R/W When the bit is set to 1, the corresponding pin is cut off
6 POF56 0 R/W by PMOS and it functions as the_NMOS_ open-drain
output. When cleared to 0, the pin functions as the
CMOS output.
5 WKP5 0 R/W Selects the function of pin P55/WKP5.

0: General I/O port
1: WKP5 input pin

4 WKP4 0 R/W  Selects the function of pin P54/WKP4.
0: General 1/O port
1: WKP4 input pin

3 WKP3 0 R/W  Selects the function of pin P53/WKP3.
0: General I/O port
1: WKP3 input pin

2 WKP2 0 R/W  Selects the function of pin P52/WKP2.
0: General 1/O port
1: WKP2 input pin

1 WKP1 0 R/W  Selects the function of pin P51/ WKP1.
0: General I/O port
1: WKPT input pin

0 WKPO 0 R/W  Selects the function of pin P50/WKPO.
0: General I/O port
1: WKPQ input pin
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94.2 Port Control Register 5 (PCR5)

PCRS selects inputs/outputs in bit units for pins to be used as general I/O ports of port 5.

Initial
Bit Bit Name Value R/W Description
7 PCR57 0 w When each of the port 5 pins P57 to P50 functions as a
6 PCR56 0 W general I/O port, setting a PCR5 bit to 1 makes the
corresponding pin an output port, while clearing the bit
S PCRS55 0 W to 0 makes the pin an input port.
4 PCR54 0 w
3 PCR53 0 w
2 PCR52 0 w
1 PCR51 0 w
0 PCR50 0 w

9.4.3 Port Data Register 5 (PDR5)

PDRS is a general I/O port data register of port 5.

Initial
Bit Bit Name Value R/W Description
7 P57 0 R/W PDRS5 stores output data for port 5 pins.
6 P56 0 R/W If PDR5 is read while PCR5 bits are set to 1, the values
5 P55 0 R/W stored in PDR5 are read. If PDR5 is read while PCR5
bits are cleared to 0, the pin states are read regardless
4 P54 0 R/W of the value stored in PDR5.
3 P53 0 R/W
2 P52 0 R/W
1 P51 0 R/W
0 P50 0 R/W
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944 Port Pull-Up Control Register 5 (PUCR5)

PUCRS5 controls the pull-up MOS in bit units of the pins set as the input ports.

Initial
Bit Bit Name Value R/W Description
7,6 — AllO — Reserved
These bits are always read as 0.
5 PUCR55 0 R/W Only bits for which PCRS is cleared are valid. The pull-
4 PUCR54 0 R/W up MOSs of the corresponding pins enter the on-state
when these bits are set to 1, while they enter the off-
3 PUCRS3 0 R/W state when these bits are cleared to 0.
2 PUCR52 0 R/W
1 PUCR51 0 R/W
0 PUCR50 O R/W

945 Pin Functions
The correspondence between the register specification and the port functions is shown below.

e P57/SCL pin

Register ICCR1 PCR5
Bit Name ICE PCR57 Pin Function
Setting Value 0 0 P57 input pin
1 P57 output pin
1 X SCL I/O pin

[Legend] X: Don't care.

SCL performs the NMOS open-drain output, that enables a direct bus drive.
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e P56/SDA pin

Register ICCR1 PCR5
Bit Name ICE PCR56 Pin Function
Setting Value 0 0 P56 input pin
1 P56 output pin
1 X SDA /0 pin

[Legend] X: Don't care.

SDA performs the NMOS open-drain output, that enables a direct bus drive.

e P55/WKPS5 pin

Register PMR5 PCR5
Bit Name WKP5 PCR55 Pin Function
Setting Value 0 0 P55 input pin
1 P55 output pin
1 X WKP5 input pin

[Legend] X: Don't care.

e P54/WKP4 pin

Register PMR5 PCR5
Bit Name WKP4 PCR54 Pin Function
Setting Value 0 0 P54 input pin
1 P54 output pin
1 X WKP4 input pin

[Legend] X: Don't care.
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e P53/WKP3 pin

Register PMR5 PCR5
Bit Name WKP3 PCR53 Pin Function
Setting Value 0 0 P53 input pin
1 P53 output pin
1 X WKP3 input pin
[Legend] X: Don't care.
e P52/WKP2 pin
Register PMR5 PCR5
Bit Name WKP2 PCR52 Pin Function
Setting Value 0 0 P52 input pin
1 P52 output pin
1 X WKP2 input pin
[Legend] X: Don't care.
e P51/WKPI pin
Register PMR5 PCR5
Bit Name WKP1 PCR51 Pin Function
Setting Value 0 0 P51 input pin
1 P51 output pin
1 X WKP1 input pin
[Legend] X: Don't care.
e P50/WKPO pin
Register PMR5 PCR5
Bit Name WKPO PCR50 Pin Function
Setting Value 0 0 P50 input pin
1 P50 output pin
1 X WKPO input pin

[Legend] X: Don't care.

RENESAS
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9.5 Port 7

Port 7 is a general 1/O port also functioning as a timer V I/O pin and SCI3_2 I/O pin. Each pin of
port 7 is shown in figure 9.5. The register settings of the timer V and SCI3_2 have priority for
functions of the pins for both uses.

— P77

~<— P76/TMOV
~<— P75/TMCIV
Port7 |<— P74/TMRIV
<—> P72/TXD_2
~<— P71/RXD_2
<—> P70/SCK3_2

Figure9.5 Port 7 Pin Configuration

Port 7 has the following registers.

e Port control register 7 (PCR7)
e Port data register 7 (PDR7)

951 Port Control Register 7 (PCR7)

PCR?7 selects inputs/outputs in bit units for pins to be used as general I/O ports of port 7.

Initial
Bit Bit Name Value R/W Description
7 PCR77 0 w When each of the port 7 pins P77 to P74 and P72 to
6 PCR76 0 W P70 functions as a generall I/0 port, setting a PCR7 pit
to 1 makes the corresponding pin an output port, while
5 PCR75 0 W clearing the bit to 0 makes the pin an input port.
4 PCR74 0 W Bit 3 is a reserved bit.
3 _ _ _
2 PCR72 0 w
1 PCR71 0 w
0 PCR70 0 w
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952 Port Data Register 7 (PDR7)

PDR?7 is a general I/O port data register of port 7.

Initial
Bit Bit Name Value R/W Description
7 P77 0 R/W PDRY? stores output data for port 7 pins.
6 P76 0 R/W If PDR7 is read while PCR7 bits are set to 1, the values
5 P75 0 R/W stored in PDRY7 are read. If PDR7 is read while PCR7
bits are cleared to 0, the pin states are read regardless
4 P74 0 R/W of the value stored in PDR7.
3 - 1 - Bit 3 is a reserved bit. This bit is always read as 1.
2 P72 0 R/W
1 P71 0 R/W
0 P70 0 R/W

9.5.3 Pin Functions

The correspondence between the register specification and the port functions is shown below.

e P77 pin
Register PCR7
Bit Name PCR77

Pin Function

Setting Value 0

P77 input pin

1

P77 output pin

e P76/TMOV pin

Register TCSRV PCR7
Bit Name 0S3to OSO0 PCR76 Pin Function
Setting Value 0000 0 P76 input pin
1 P76 output pin
Otherthan X TMOV output pin
above

[Legend] X: Don't care.
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e P75/TMCIV pin

Register PCR7

Bit Name PCR75

Pin Function

Setting Value 0

P75 input/TMCIV input pin

1

P75 output/TMCIV input pin

e P74/TMRIV pin

Register PCR7

Bit Name PCR74

Pin Function

Setting Value 0

P74 input/TMRIV input pin

1

P74 output/TMRIV input pin

e P72/TXD_2 pin

Register PMR1 PCR7
Bit Name TXD2 PCR72 Pin Function
Setting Value 0 0 P72 input pin
1 P72 output pin

1 X TXD_2 output pin
[Legend] X: Don't care.
e P71/RXD_2 pin
Register SCR3_2 PCRY
Bit Name RE PCR71 Pin Function
Setting Value 0 P71 input pin

1

P71 output pin

1 X RXD_2 input pin

[Legend] X: Don't care.
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e P70/SCK3_2 pin

Register SCR3 2 SMR_2 PCR7
Bit Name CKE1l CKEO COM PCR70 Pin Function
Setting Value 0 0 0 0 P70 input pin
1 P70 output pin
0 1 X SCKS3_2 output pin
X X SCKB3_2 output pin
1 X X X SCK3_2 input pin

[Legend] X: Don't care.

9.6 Port 8

Port 8 is a general I/O port. Each pin of port 8 is shown in figure 9.6.

«—> P87
Port8 |<«—> P86
<«—> P85

Figure9.6 Port 8 Pin Configuration
Port 8 has the following registers.

e Port control register 8 (PCRS)
e Port data register 8 (PDR8)

9.6.1 Port Control Register 8 (PCR8)

PCRS selects inputs/outputs in bit units for pins to be used as general I/O ports of port 8.

Initial
Bit Bit Name Value R/W Description
7 PCR87 0 w When each of the port 8 pins P87 to P80 functions as a
6 PCR86 0 W general I/O port, setting a PCR8 bit to 1 makes the
corresponding pin an output port, while clearing the bit
S PCR85 0 W to 0 makes the pin an input port.
4t00 — — — Reserved
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9.6.2 Port Data Register 8 (PDR8)

PDRS is a general I/O port data register of port 8.

Initial
Bit Bit Name Value R/W Description
P87 0 R/W PDR8 stores output data for port 8 pins.
P86 0 R/W If PDRS8 is read while PCR8 bits are set to 1, the values
P85 0 R/W stored in PDR8 are read. If PDR8 is read while PCR8
bits are cleared to 0, the pin states are read regardless
of the value stored in PDR8.
4100 — All 1 — Reserved

These bits are always read as 1.

9.6.3 Pin Functions

The correspondence between the register specification and the port functions is shown below.

e P87 pin

Register PCRS8

Bit Name PCR87 Pin Function

Setting Value 0 P87 input pin
1 P87 output pin

e P86 pin

Register PCRS8

Bit Name PCR86 Pin Function

Setting Value 0 P86 input pin
1 P86 output pin
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e P85 pin

Register PCRS8

Bit Name PCR85 Pin Function

Setting Value 0 P85 input pin
1 P85 output pin

9.7 Port C

Port C is a general I/O port. Each pin of port C is shown in figure 9.7.

<— PC3
[<+—> PC2
<— PC1
~<— PCO

Port C

Figure9.7 Port C Pin Configuration
Port C has the following registers.

e Port control register C (PCRC)
e Port data register C (PDRC)

9.7.1 Port Control Register C (PCRC)

PCRC selects inputs/outputs in bit units for pins to be used as general I/O ports of port C.

Initial
Bit Bit Name Value R/W Description
7t04 — — — Reserved
3 PCRC3 0 w Setting a PCR9 bit to 1 makes the corresponding pin
2 PCRC2 0 W an output port, while clearing the bit to 0 makes the pin
an input port.
1 PCRCA1 0 w
0 PCRCO 0 w
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9.7.2

Port Data Register C (PDRC)

PDRO is a general I/O port data register of port C.

Initial
Bit Bit Name Value R/W Description
7t04 — All 1 — Reserved
These bits are always read as 1.
3 PC3 0 R/W PDRC stores output data for port C pins.
2 PC2 0 R/W If PDRC is read while PCRC bits are set to 1, the
1 PC1 0 R/W values stored in PDRC are read. If PDRC is read while
PCRC bits are cleared to 0, the pin states are read
0 PCO 0 R/W regardless of the value stored in PDRC.
9.7.3 Pin Functions

The correspondence between the register specification and the port functions is shown below.

e PC3 pin

Register PCRC

Bit Name PCRC3 Pin Function
Setting Value 0 PC3 input pin

1 PC3 output pin

e PC2 pin

Register PCRC

Bit Name PCRC2 Pin Function
Setting Value 0 PC2 input pin

PC2 output pin
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e PCI pin

Register PCRC

Bit Name PCRC1 Pin Function

Setting Value 0 PC1 input pin
1 PC1 output pin

e PCO pin

Register PCRC

Bit Name PCRCO Pin Function

Setting Value 0 PCO input pin
1 PCO output pin

9.8 Port D

Port D is a general I/O port also functioning as timer RD_0 I/O pins. Each pin of port D is shown
in figure 9.8. The setting for the timer RD_0 function has priority over those for other functions.

Port D

[~<— PD7/FTIOD1
[~<—> PD6/FTIOCH
~<—> PD5/FTIOB1
<> PD4/FTIOA1
<— PD3/FTIODO
<—> PD2/FTIOCO
~<— PD1/FTIOBO
<—> PDO/FTIOAQ

Figure9.8 Port D Pin Configuration

Port D has the following registers.

e Port control register D (PCRD)
e Port data register D (PDRD)
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9.8.1 Port Control Register D (PCRD)

PCRD selects inputs/outputs in bit units for pins to be used as general I/O ports of port D.

Initial
Bit Bit Name Value R/W Description
7 PCRD7 0 w When each of the port D pins functions as a general
6 PCRD6 0 W 1/0 port, set_ting ‘_':1 PCRD bit to 1 mak_es the _ _
corresponding pin an output port, while clearing the bit
S PCRD5 0 W to 0 makes the pin an input port.
4 PCRD4 0 w
3 PCRD3 0 w
2 PCRD2 0 w
1 PCRD1 0 w
0 PCRDO 0 w

982 Port Data Register D (PDRD)

PDRD is a general I/O port data register of port D.

Initial
Bit Bit Name Value R/W Description
7 PD7 0 R/W PDRD stores output data for port D pins.
6 PD6 0 R/W If PDRD is read while PCRD bits are set to 1, the
5 PD5 0 R/W values stored in PDRD are read. If PDRD is read while
PCRD bits are cleared to 0, the pin states are read
4 PD4 0 R/W regardless of the value stored in PDRD.
3 PD3 0 R/W
2 PD2 0 R/W
1 PD1 0 R/W
0 PDO 0 R/W
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9.8.3 Pin Functions

The correspondence between the register specification and the port functions is shown below.

e PD7/FTIODI pin

TRDOER TRDPMR TRDIORC
Register 1_01 TRDFCR_01 _01 1 PCRD
CMD1 and I0D3 to
Bit Name ED1 CMDO PWM3 PWMD1 [0DO PCRD7 Pin Function
Setting 1 XX X X XXXX 0 PD7 input/FTIOD1
Value input pin
PD7 output pin
0 00 0 X XXXX 0 PD7 input/FTIOD1
input pin
1 PD7 output pin
1 1 XXXX FTIOD1 output pin
0 OXXX 0 PD7 input/FTIOD1
input pin
1 PD7 output pin
101X or X FTIOD1 output pin
1001
11XXor O PD7 input/FTIOD1
1000 input pin
1 PD7 output pin
Other than X X XXXX X FTIOD1 output pin
00

[Legend] X: Don't care.
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e PDO/FTIOCI pin

TRDOER TRDPMR TRDIORC
Register 1_01 TRDFCR_01 01 1 PCRD
CMD1
and IOC3 to
Bit Name EC1 CMDO PWM3 PWMC1 10CO PCRD6  Pin Function
Setting 1 XX X X XXXX 0 PD6 input/FTIOC1
Value input pin
PD6 output pin
0 00 0 X XXXX 0 PD6 input/FTIOC1
input pin
1 PD6 output pin
1 1 XXXX X FTIOC1 output pin
0 0XXX 0 PD6 input/FTIOC1
input pin
1 PD6 output pin
101Xor X FTIOC1 output pin
1001
11XXor O PD6 input/FTIOC1
1000 input pin
1 PD6 output pin
Other than X X XXXX X FTIOC1 output pin
00

[Legend] X: Don't care.
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e PD5/FTIOBI pin

TRDOER1 TRDPMR TRDIORA
Register _01 TRDFCR_01 _01 1 PCRD
IOB2 to
Bit Name  EB1 PWM3 PWMB1 [0OBO PCRD5 Pin Function
Setting 1 X X XXX 0 PD5 input/FTIOB1
Value input pin
1 PD5 output pin
0 0 X XXX 0 PD5 input/FTIOB1
input pin
1 PD5 output pin
1 1 XXX X FTIOB1 output pin
0 01X or X FTIOB1 output pin
001
1XX or 0 PD5 input/FTIOB1
000 input pin
1 PD5 output pin
Other than X X XXX X FTIOB1 output pin
[Legend] X: Don't care.
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e PD4/FTIOAI pin

TRDOER1_
Register 01 TRDFCR_01 TRDIORA_1 PCRD
CMD1 and
Bit Name EAl CMDO PWM3 [0A2to IOAO0 PCRD4 Pin Function
Setting 1 XX X XXX 0 PD4 input/FTIOA1
Value input pin
PD4 output pin
0 00 0 XXX 0 PD4 input/FTIOA1
input pin
1 PD4 output pin
1 01X or X FTIOA1 output pin
001
1XX or 0 PD4 input/FTIOA1
000 input pin
1 PD4 output pin
Other than X XXX X FTIOA1 output pin
00
[Legend] X: Don't care.
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e PD3/FTIODO pin

TRDOER1 TRDPMR TRDIORC_
Register _01 TRDFCR_01 _01 0 PCRD
CMD1 and I0D3 to
Bit Name EDO CMDO PWM3 PWMDO I0DO PCRD3 Pin Function
Setting 1 XX X X XXXX 0 PD3 input/FTIODO
Value input pin
1 PDS3 output pin
0 00 0 X XXXX 0 PD3 input/FTIODO
input pin
1 PDS3 output pin
1 1 XXXX X FTIODO output pin
0 OXXX 0 PD3 input/FTIODO
input pin
1 PD3 output pin
101X or X FTIODO output pin
1001
11XX or 0 PD3 input/FTIODO
1000 input pin
1 PDS3 output pin
Other than X X XXXX X FTIODO output pin

00

[Legend] X: Don't care.
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e PD2/FTIOCO pin

TRDOER1 TRDPMR TRDIORC_
Register _01 TRDFCR_01 _01 0 PCRD
CMD1 and I0C3 to
Bit Name ECO CMDO PWM3 PWMCO 10CO PCRD2 Pin Function
Setting 1 XX X X XXXX 0 PD2
Value input/FTIOCO
input pin
PD2 output pin
0 00 0 X XXXX 0 PD2
input/FTIOCO
input pin
1 PD2 output pin
1 1 XXXX X FTIOCO output
pin
0 OXXX 0 PD2
input/FTIOCO
input pin
1 PD2 output pin
101X or X FTIOCO output
1001 pin
11XX or 0 PD2
1000 input/FTIOCO
input pin
1 PD2 output pin
Other than X X XXXX X FTIOCO output
00 pin

[Legend] X: Don't care.
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e PDI/FTIOBO pin

TRDOER1 TRDPMR TRDIORA_
Register 01 TRDFCR_01 01 0 PCRD
CMD1 and IOB2 to
Bit Name EBO CMDO PWM3 PWMBO I0BO PCRD1 Pin Function
Setting 1 XX X X XXX 0 PD1 input/FTIOBO
Value input pin
1 PD1 output pin
0 00 0 X XXX X FTIOBO output pin
1 1 XXX X FTIOBO output pin
0 01X or X FTIOBO output pin
001
1XX or 0 PD1 input/FTIOBO

000 input pin
PD1 output pin
FTIOBO output pin

—_

X

Other than X X XXX
00

[Legend] X: Don't care.
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e PDO/FTIOAO pin

TRDOER1 TRDIORA
Register _01 TRDFCR_01 0 PCRD
CMD1 and I0A2 to
Bit Name EAO STCLK CMDO PWM3 I0A0 PCRDO Pin Function
Setting 1 X XX X XXX 0 PDO input/FTIOAO
Value input pin
1 PDO output pin
0 1 XX X XXX 0 PDO input/FTIOAO
input pin
1 PDO output pin
0 00 0 XXX X FTIOAO output pin
1 01X or X FTIOAO output pin
001
1XX or 0 PDO input/FTIOAOQ
000 input pin
1 PDO output pin
Other than X XXX 0 PDO input/FTIOAO
00 input pin
1 PDO output pin

[Legend] X: Don't care.

9.9 Port E

Port E is a general I/O port also functioning as timer RD_1 I/O pins. Each pin of port E is shown
in figure 9.9. The setting of the timer RD_1 function has priority over those for other functions.

~<— PE7/FTIOD3
<—> PEG/FTIOC3
~<— PE5/FTIOB3
<—> PE4/FTIOA3
~<— PE3/FTIOD2
<—> PE2/FTIOC2
~<— PE1/FTIOB2
<—> PEO/FTIOA2

Port E

Figure9.9 Port E Pin Configuration
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Port E has the following registers.

e Port control register E (PCRE)
e Port data register E (PDRE)

991 Port Control Register E (PCRE)

PCRE selects inputs/outputs in bit units for pins to be used as general I/O ports of port E.

Initial
Bit Bit Name Value R/W Description
7 PCRE7 0 w When each of the port E pins functions as a general 1/0
6 PCRE6 0 W port, setting a PCRE bit to 1 makes the corresponding
pin an output port, while clearing the bit to 0 makes the
S PCRES5 0 W pin an input port.
4 PCRE4 0 w
3 PCRE3 0 w
2 PCRE2 0 w
1 PCRE1 0 w
0 PCREO 0 w

9.9.2 Port Data Register E (PDRE)

PDRE is a general I/O port data register of port E.

Initial
Bit Bit Name Value R/W Description
7 PE7 0 R/W PDRE stores output data for port E pins.
6 PE6 0 R/W If PDRE is read while PCRE bits are set to 1, the
5 PE5 0 R/W values stored in PDRE are read. If PDRE is read while
PCRE bits are cleared to 0, the pin states are read
4 PE4 0 R/W regardless of the value stored in PDRE.
3 PE3 0 R/W
2 PE2 0 R/W
1 PE1 0 R/W
0 PEO 0 R/W

Rev. 1.50 Sep. 18,2007 Page 161 of 584
RENESAS REJ09B0240-0150



Section 9 /O Ports

9.9.3

Pin Functions

The correspondence between the register specification and the port functions is shown below.

e PE7/FTIOD3 pin

TRDOER1 TRDPMR TRDIORC
Register _23 TRDFCR_23 _23 3 PCRE
CMD1 and I0D3 to
Bit Name ED1 CMDO PWM3 PWMD1 I0DO PCRE7 Pin Function
Setting 1 XX X X XXXX 0 PE7 input/FTIOD3
Value input pin
PE7 output pin
0 00 0 X XXXX 0 PE7 input/FTIOD3
input pin
1 PE7 output pin
1 1 XXXX X FTIODS3 output pin
0 OXXX 0 PE7 input/FTIOD3
input pin
1 PE7 output pin
101Xor X FTIOD3 output pin
1001
11XXor O PE7 input/FTIOD3
1000 input pin
1 PE7 output pin
Other than X X XXXX X FTIODS3 output pin
00
[Legend] X: Don't care.
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e PE6/FTIOC3 pin

TRDOER TRDPM TRDIOR
Register 1 23 TRDFCR_23 R _23 C3 PCRE
CMD1
and PWM IOC3to PCRE
Bit Name EC1 CMDO 3 PWMC1 10CO 6 Pin Function
Setting 1 XX X X XXXX 0 PE6 input/FTIOCS input
Value pin
1 PE6 output pin
0 00 0 X XXXX 0 PEG input/FTIOCS input
pin
1 PE6 output pin
1 XXXX FTIOCS output pin
0 0XXX 0 PE6 input/FTIOCS input
pin
1 PE6 output pin
101Xor X FTIOC3 output pin
1001
11XXor O PE6 input/FTIOCS input
1000 pin
1 PE6 output pin
Other than X X XXXX X FTIOCS output pin
00
[Legend] X: Don't care.
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e PES/FTIOB3 pin

TRDOER TRDPM TRDIOR
Register 1 23 TRDFCR_23 R _23 A3 PCRE
CMD1
and PWM IOB2to PCRE
Bit Name EB1 CMDO 3 PWMB1 10BO 5 Pin Function
Setting 1 XX X X XXX 0 PES5 input/FTIOB3 input
Value pin
PES5 output pin
0 00 0 X XXX 0 PES5 input/FTIOBS input
pin
1 PES5 output pin
1 XXX X FTIOBS output pin
0 01X or X FTIOBS output pin
001
1XXor O PES5 input/FTIOB3 input
000 pin
1 PES5 output pin
Other than X X XXX X FTIOB3 output pin
00
[Legend] X: Don't care.
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e PE4/FTIOA3 pin

TRDIORA _
Register = TRDOER1_23 TRDFCR_23 3 PCRE
CMD1 and PWM I0A2 to
Bit Name EAl CMDO 3 I0A0 PCRE4 Pin Function
Setting 1 XX X XXX 0 PE4 input/FTIOA3 input
Value pin
PE4 output pin
0 00 0 XXX 0 PE4 input/FTIOA3 input
pin
1 PE4 output pin
1 01X or X FTIOAS output pin
001
1XX or 0 PE4 input/FTIOAS input
000 pin
1 PE4 output pin
Other than X XXX X FTIOAS output pin

00

[Legend] X: Don't care.
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e PE3/FTIOD?2 pin

TRDOER TRDPM TRDIOR
Register 1_23 TRDFCR_23 R_23 c2 PCRE
CMD1
and PWM IOD3to PCRE
Bit Name EDO CMDO 3 PWMDO 10D0 3 Pin Function
Setting 1 XX X X XXXX 0 PE3 input/FTIOD2 input
Value pin
PE3 output pin
0 00 0 X XXXX 0 PE3 input/FTIOD2 input
pin
1 PES output pin
1 XXXX FTIOD2 output pin
0 0XXX 0 PE3 input/FTIOD2 input
pin
1 PE3 output pin
101Xor X FTIOD2 output pin
1001
11XXor O PE3 input/FTIOD2 input
1000 pin

PE3 output pin

Other than X X
00

XXXX

FTIOD2 output pin

[Legend] X: Don't care.
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e PE2/FTIOC2 pin

TRDOER TRDPM TRDIOR
Register 1_23 TRDFCR_23 R_23 c2 PCRE
CMD1
and PWM IOC3to PCRE
Bit Name ECO CMDO 3 PWMCO 10CO 2 Pin Function
Setting 1 XX X X XXXX 0 PE2 input/FTIOC2 input
Value pin
1 PE2 output pin
0 00 0 X XXXX 0 PE2 input/FTIOC2 input
pin
1 PE2 output pin
1 XXXX FTIOC2 output pin
0 0XXX 0 PE2 input/FTIOC2 input
pin
1 PE2 output pin
101Xor X FTIOC2 output pin
1001
11XXor O PE2 input/FTIOC2 input
1000 pin
1 PE2 output pin
Other than X X XXXX X FTIOC2 output pin
00
[Legend] X: Don't care.
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e PEI/FTIOB2 pin

TRDOER TRDPM TRDIOR
Register 1 23 TRDFCR_23 R _23 A2 PCRE
CMD1
and PWM IOB2to PCRE
Bit Name EBO CMDO 3 PWMBO 10B0 1 Pin Function
Setting 1 XX X X XXX 0 PE1 input/FTIOB2 input
Value pin
1 PE1 output pin
0 00 0 X XXX X FTIOB2 output pin
1 1 XXX X FTIOB2 output pin
0 01Xor X FTIOB2 output pin
001
1IXXor O PE1 input/FTIOB2 input
000 pin
1 PE1 output pin
Other than X X XXX X FTIOB2 output pin
00
[Legend] X: Don't care.
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e PEO/FTIOA2 pin

TRDOER TRDIOR
Register 1_23 TRDFCR_23 A2 PCRE
CMD1
and I0A2 to
Bit Name EAO STCLK CMDO PWM3 10A0 PCREO Pin Function
Setting 1 X XX X XXX 0 PEO input/FTIOA2 input
Value pin
1 PEO output pin
0 1 XX X XXX 0 PEO input/FTIOA2 input
pin
1 PEO output pin
0 00 0 XXX X FTIOA2 output pin
01X or X FTIOA2 output pin
001
iXXor O PEO input/FTIOA2 input
000 pin
1 PEO output pin
Other X XXX 0 FTIOA2 output pin
than 00

[Legend] X: Don't care.
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910 PortF

Port F is a general input port also functioning as A/D converter analog input pins. Each pin of port
F is shown in figure 9.10.

[<— PF7/AN7
[<+—> PF6/AN6
[<— PF5/AN5
<> PF4/AN4
[<—> PF3/AN3
<> PF2/AN2
<—> PF1/AN1
[~<—> PFO/ANO

Port F

Figure9.10 Port F Pin Configuration
Port F has the following registers.

e Port data register F (PDRF)
e Port mode register F (PMRF)

9.10.1 Port Data Register F (PDRF)

PDREF is a general input port data register of port F.

Initial
Bit Bit Name Value R/W Description
7 PF7 — R If PDRF is read, the pin states are read.
6 PF6 — R However, if a port F pin is specified as an analog input
5 PF5 o R channel by ADCSR in the A/D converter, the bit is read
as 0.
4 PF4 — R
3 PF3 — R
2 PF2 — R
1 PF1 — R
0 PFO — R
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9.10.2 Port Mode Register F (PMRF)

PMREF switches functions of pins in port F.

Initial
Bit Bit Name Value R/W Description
7to1 — All 1 — Reserved
These bits are always read as 1.
0 PMRFO 0 R/W This bit selects the function of pin PFO/ANO.

0: ANO input pin
1: General input port

9.10.3 Pin Functions

The correspondence between the register specification and the port functions is shown below.

e PF7/ANT7 pin

Register ADCR ADCSR

Bit Name CH3 SCAN CH2 CH1 CHO Pin Function

Setting Value 0 X 1 1 1 AN7 input pin
Other than above PF7 input pin

[Legend] X: Don't care.

e PF6/ANG pin

Register ADCR ADCSR
Bit Name CH3 SCAN CH2 CH1 CHO Pin Function
Setting Value 0 0 1 1 0 ANG input pin
1 1 1 X
Other than above PF6 input pin

[Legend] X: Don't care.
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e PF5/ANS pin

Register ADCR ADCSR
Bit Name CH3 SCAN CH2 CH1 CHO Pin Function
Setting Value 0 0 1 0 1 ANS input pin
1 1 1 X
0 1
Other than above PF5 input pin
[Legend] X: Don't care.
e PF4/AN4 pin
Register ADCR ADCSR
Bit Name CH3 SCAN CH2 CH1 CHO Pin Function
Setting Value 0 0 1 0 0 AN4 input pin
1 1 X X
Other than above PF4 input pin
[Legend] X: Don't care.
e PF3/AN3 pin
Register ADCR ADCSR
Bit Name CH3 SCAN CH2 CH1 CHO Pin Function
Setting Value 0 X 0 1 1 AN3 input pin
Other than above PF3 input pin
[Legend] X: Don't care.
e PF2/AN2 pin
Register ADCR ADCSR
Bit Name CH3 SCAN CH2 CH1 CHO Pin Function
Setting Value 0 0 0 1 0 AN2 input pin
1 0 1 X
Other than above PF2 input pin

[Legend] X: Don't care.
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e PFI/ANI pin

Register ADCR ADCSR
Bit Name CH3 SCAN CH2 CH1 CHO Pin Function
Setting Value 0 0 0 0 1 AN1 input pin
1 0 1 X
0 1
Other than above PF1 input pin
[Legend] X: Don't care.
e PF0/ANO pin
Register PMRF  ADCR ADCSR
Bit Name PFO CH3 SCAN CH2 CH1 CHO Pin Function
Setting Value 0 0 0 0 0 0 ANO input pin
1 0 X X
Other than above PFO input pin
[Legend] X: Don't care.
911 PortG

Port G is a general input port also functioning as A/D converter analog input pins, timer RC input
pins, and timer RD input pins. Each pin of port G is shown in figure 9.11.

<«—> PG7/AN15/TRDOI_1
l«—> PG6/AN14/TRDOI_0
<— PG5/AN13/TRCOI
<— PG4/AN12

<«— PG3/AN11

l«— PG2/AN10

l«—> PG1/AN9

|«—> PGO/AN8

Port G

Figure9.11 Port G Pin Configuration

Rev. 1.50 Sep. 18,2007 Page 173 of 584

RENESAS

REJ09B0240-0150




Section 9 /O Ports

Port G has the following registers.

e Port control register G (PCRG)

e Port data register G (PDRG)
e Port mode register G (PMRG)

9.11.1 Port Control Register G (PCRG)

PCRG selects inputs/outputs in bit units for pins to be used as general I/O ports of port G.

Initial
Bit Bit Name Value R/W Description
7 PCRG7 0 w When each of the port G pins functions as a general
6 PCRG6 0 W 1/0 port, set.ting _a PCRG bitto 1 makfas the _ .
corresponding pin an output port, while clearing the bit
5 PCRG5 0 w to 0 makes the pin an input port.
4 PCRG4 0 w
3 PCRG3 0 w
2 PCRG2 0 w
1 PCRG1 0 w
0 PCRGO 0 w

9.11.2 Port Data Register G (PDRG)

PDRG is a general I/O port data register of port G.

Initial
Bit Bit Name Value R/W Description
7 PG7 0 R/W PDRG stores output data for port G pins.
6 PG6 0 R/W If PDRG is read while PCRG bits are set to 1, the
5 PG5 0 R/W values stored in PDRG are read. If PDRG is read while
PCRG bits are cleared to 0, the pin states are read
4 PG4 0 R/W regardless of the value stored in PDRG. However, if a
3 PG3 1 R/W port G pin is specified as an analog input channel by
ADCSR or ADCR in the A/D converter, the bit is read
2 PG2 0 RIW as 0 even when the PGRG bit is cleared.
1 PG1 0 R/W
0 PGO 0 R/W
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9.11.3

Port Mode Register G (PMRG)

PMRG switches functions of pins in port G.

Bit

Bit Name

Initial
Value

R/W

Description

7

PMRG7

0

R/W

This bit selects the function of pin PG7/AN15/TRDOI_1.

0: General I/O port

1: AN15/TRDOI_1 input pin

PMRG6

R/W

This bit selects the function of pin PG6/AN14/TRDOI_O.

0: General I/O port

1: AN14/TRDOI_0 input pin

PMRG5

R/W

This bit selects the function of pin PG5/AN13/TRCOI.

0: General I/O port

1: AN14/TRCOI input pin

Reserved

This bit is always read as 1.

PMRG3
PMRG2

R/W
R/W

These bits select the trigger source of the A/D converter.
00: A/D converter is activated by the ADTRG signal
01: A/D converter is activated by timer RD_0

10: A/D converter is activated by timer RD_1

11: Reserved

PMRGH1

R/W

Selects the edge of
0: Falling edge
1: Rising edge

the ADTRG signal.

PMRGO

R/W

This bit selects the function of pin PHO/SCK3_3/ADTRG.

0: General I/O port
1: ADTRG input pin

RENESAS
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9.11.4 Pin Functions

The correspondence between the register specification and the port functions is shown below.

e PG7/AN15/TRDOI_1 pin

Register ADCR ADCSR PMRG PCRG
Bit Name CH3 SCAN CH2 CH1 CHO PMRG7 PCRG7 Pin Function
Setting Value 1 X 1 1 1 X X AN15 input pin
Other than above 1 X TRDOI_1 input pin
0 0 PG7 input pin
1 PG7 output pin
[Legend] X: Don't care.
e PG6/AN14/TRDOI_0 pin
Register ADCR ADCSR PMRG PCRG
Bit Name CH3 SCAN CH2 CH1 CHO PMRG6 PCRG6 Pin Function
Setting Value 1 X 1 1 0 X X AN14 input pin
1 1 1 1 1 X X
Other than above 1 X TRDOI_O0 input pin
0 0 PG6 input pin
1 PG6 output pin

[Legend] X: Don't care.
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e PG5/AN13/TRCOI pin

Register ADCR ADCSR PMRG PCRG
Bit Name CH3 SCAN CH2 CH1 CHO PMRG5 PCRG5 Pin Function
Setting Value 1 X 1 0 1 X X AN13 input pin
1 1 1 1 0 X X
1 1 1 1 1 X X
Other than above 1 X TRCOI input pin
0 0 PG5 input pin
1 PG5 output pin
[Legend] X: Don't care.
e PG4/AN12 pin
Register ADCR ADCSR PCRG
Bit Name CH3 SCAN CH2 CH1 CHO PCRG4 Pin Function
Setting Value 1 X 1 0 0 X AN12 input pin
1 1 1 X X X
Other than above 0 PG4 input pin
1 PG4 output pin
[Legend] X: Don't care.
e PG3/AN11 pin
Register ADCR ADCSR PCRG
Bit Name CH3 SCAN CH2 CH1 CHO PCRG3 Pin Function
Setting Value 1 X 0 1 1 X AN11 input pin
Other than above 0 PGS input pin
1 PGS3 output pin
[Legend] X: Don't care.

RENESAS
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e PG2/ANI10 pin

Register ADCR ADCSR PCRG
Bit Name CH3 SCAN CH2 CH1 CHO PCRG2 Pin Function
Setting Value 1 X 0 1 0 X AN10 input pin
1 1 0 1 1 X
Other than above 0 PG2 input pin
1 PG2 output pin
[Legend] X: Don't care.
e PGI1/ANO pin
Register ADCR ADCSR PCRG
Bit Name CH3 SCAN CH2 CH1 CHO PCRG1 Pin Function
Setting Value 1 X 0 0 1 X AN9 input pin
1 1 0 1 0 X
1 1 0 1 X
Other than above 0 PG1 input pin
1 PG1 output pin
[Legend] X: Don't care.
e PGO/ANS pin
Register ADCR ADCSR PCRG
Bit Name CH3 SCAN CH2 CH1 CHO PCRGO Pin Function
Setting Value 1 X 0 0 0 X ANS input pin
1 1 0 X X X
Other than above 0 PGO input pin
1 PGO output pin

[Legend] X: Don't care.
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9.12 Port H

Port H is a general I/O port also functioning as SCI3_3 I/O pins, timer RC input pins, and A/D
converter input pins. Each pin of port H is shown in figure 9.12. The settings for the SCI3_3 and
timer RC functions have priority over those for other functions.

~<—> PH7/FTIOD

[<— PH6/FTIOC

~<—> PH5/FTIOB

[<—> PH4/FTIOA/TRGC
[~<—> PH3/FTCI

<— PH2/TXD_3

~<— PH1/RXD_3

[~<— PHO0/SCK3_3/ADTRG

Port H

Figure9.12 Port H Pin Configuration
Port H has the following registers.

e Port control register H (PCRH)
e Port data register H (PDRH)

9.12.1 Port Control Register H (PCRH)

PCRH selects inputs/outputs in bit units for pins to be used as general 1/O ports of port H.

Initial
Bit Bit Name Value R/W Description
7 PCRH7 0 w When each of the port H pins PH7 to PHO functions as
6 PCRH6 0 W a general I/O port, setting a PCRH bit to 1 makes the
corresponding pin an output port, while clearing the bit
5 PCRH5 0 w to 0 makes the pin an input port.
4 PCRH4 0 w
3 PCRH3 0 w
2 PCRH2 0 w
1 PCRH1 0 w
0 PCRHO 0 w
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9.12.2

Port Data Register H (PDRH)

PDRH is a general I/O port data register of port H.

Initial
Bit Bit Name Value R/W Description
7 PH7 0 R/W PDRH stores output data for port H pins.
6 PH6 0 R/W If PDRH is read while PCRH bits are set to 1, the
5 PH5 0 R/W values stored in PDRH are read. If PDRH is read while
PCRH bits are cleared to 0, the pin states are read
4 PH4 0 R/W regardless of the value stored in PDRH.
3 PH3 0 R/W
2 PH2 0 R/W
1 PH1 0 R/W
0 PHO 0 R/W
9.12.3  Pin Functions

The correspondence between the register specification and the port functions is shown below.

e PH7/FTIOD pin

Register TRCOER

TRCMR

TRCIOR1

PCRH

Bit Name ED

PWM2 PWMD

I0D2 10D1 10DO0

PCRH7 Pin Function

Setting 1 X X X X 0 PH7 input/FTIOD input pin
Value 1 PH7 output pin
0 0 X X X 0 PH7 input/FTIOD input pin
1 PH7 output pin
1 X X X FTIOD (PWM) output pin
0 1 X X FTIOD output pin
0 1 X FTIOD output pin
0 0 PH7 input/FTIOD input pin
1 PH7 output pin
1 X X 0 PH7 input/FTIOD input pin
1 PH7 output pin
[Legend] X: Don't care.
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e PHO6/FTIOC pin

Register TRCOER TRCMR TRCIOR1 PCRH
Bit Name EC PWM2 PWMC 10C2 I0C1 10CO0 PCRH6 Pin Function
Setting 1 X X X X X 0 PH6 input/FTIOC input pin
Value 1 PH6 output pin
0 0 X X X X 0 PHS6 input/FTIOC input pin
1 PH6 output pin
1 1 X X X X FTIOC (PWM) output pin
0 0 1 X X FTIOC output pin
0 1 X FTIOC output pin
0 0 PH6 input/FTIOC input pin
1 PH6 output pin
1 X X 0 PH6 input/FTIOC input pin
1 PH6 output pin
[Legend] X: Don't care.
e PHS5/FTIOB pin
Register TRCOER TRCMR TRCIORO PCRH
Bit Name EB PWM2 PWMB 10B2 [0OB1 10B0O PCRH5 Pin Function
Setting 1 X X X X X 0 PH5 input/FTIOB input pin
Value 1 PH5 output
0 0 X X X X X FTIOB (PWM2) output pin
1 X X X FTIOB (PWM) output pin
0 0 1 X X FTIOB output pin
0 1 X FTIOB output pin
0 0 PHS5 input/FTIOB input pin
1 PH5 output
1 X X 0 PH5 input/FTIOB input pin
1 PH5 output
[Legend] X: Don't care.
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e PH4/FTIOA/TRGC pin

Register TRCOER TRCMR TRCIORO PCRH
Bit Name EA PWM2 I0A2 I0A1 I0A0 PCRH4  Pin Function
Setting 1 X X X X 0 PH4 input/FTIOA input
Value /TRGC input pin
1 PH4 output pin
0 0 X X X 0 PH4 input/FTIOA input
/TRGC input pin
1 PH4 output pin
1 0 1 X X FTIOA output pin
0 1 X FTIOA output pin
0 0 PH4 input/FTIOA input
/TRGC input pin
PH4 output pin
1 X X PH4 input/FTIOA input

/TRGC input pin

PH4 output pin

[Legend] X: Don't care.

e PH3/FTCI pin

Register PCRH

Bit Name PCRH3 Pin Function

Setting Value 0 PH3 input/FTCI input pin
1 PH3 output/FTCI input pin

[Legend] X: Don't care.
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e PH2/TXD_3 pin

Register SMCR PCRH
Bit Name TXD_3 PCRH2 Pin Function
Setting Value 0 0 PH2 input pin
1 PH2 output pin
1 X TXD_3 output pin
[Legend] X: Don't care.
e PHI1/RXD_3 pin
Register SCR3_3 PCRH
Bit Name RE PCRH1 Pin Function
Setting Value 0 0 PH1 input pin
1 PH1 output pin
1 X RXD_3 input pin

[Legend] X: Don't care.

e PHO/SCK3_3/ADTRG pin

Register SCR3_3 SMR3 3 PMRG PCRH
Bit Name CKE1 CKEO COM PMRGO PCRHO Pin Function
Setting 0 0 0 0 0 PHO input pin
Value 1 PHO output pin
1 X ADTRG input pin
0 0 1 X X SCK®S_3 output pin
0 1 X X X SCKB3_3 output pin
1 X X X X SCKB3_3 input pin
[Legend] X: Don't care.
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9.13 Port J

Port J is a general I/O port also functioning as external oscillation pins and a clock output pin.
Each pin of port J is shown in figure 9.13. The setting of CKCSR has priority over those for other
functions.

~<—> PJ1/0SC2/CLKOUT

Portd 1o o pjo/osct

Figure9.13 Port J Pin Configuration
Port J has the following registers.

e Port control register J (PCRJ)
e Port data register J (PDRIJ)

9.13.1 Port Control Register J (PCRJ)

PCRIJ selects inputs/outputs in bit units for pins to be used as general I/O ports of port J.

Initial
Bit Bit Name Value R/W Description
7to2 — — — Reserved
1 PCRJ1 0 w When each of the port J pins PJ1 to PJO functions as a
0 PCRJO 0 W general I/O port, setting a PCRJ bit to 1 makes the

corresponding pin an output port, while clearing the bit
to 0 makes the pin an input port.
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9.13.2 Port Data Register J (PDRJ)

PDRI is a general I/O port data register of port J.

Initial
Bit Bit Name Value Description
7to2 — — Reserved
1 PJ1 PDRJ stores output data for port J pins.
0 PJO If PDRJ is read while PCRJ bits are set to 1, the values

stored in PDRJ are read. If PDRJ is read while PCRJ
bits are cleared to 0, the pin states are read regardless
of the value stored in PDRJ.

9.13.3 Pin Functions

The correspondence between the register specification and the port functions is shown below.

e PJ1/0SC2/CLKOUT pin

Register PCRJ
Bit Name PMRJ1 PMRJO PCRJ1 Pin Function
Setting Value 0 0 PJ1 input pin
1 PJ1 output pin
1 X CLKOUT output pin
X OSC2 output pin
[Legend] X: Don't care.
e PJO/OSCI pin
Register CKCSR PCRJ
Bit Name PMRJO PCRJO Pin Function
Setting Value 0 0 PJO input pin
1 PJO output pin
1 X OSC1 input pin

[Legend] X: Don't care.
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Section 10 Realtime Clock (RTC)

The realtime clock (RTC) is a timer used to count time ranging from a second to a week. Figure
10.1 shows the block diagram of the RTC.

10.1 Features

e Counts seconds, minutes, hours, and day-of-week

e Start/stop function

e Reset function

e Readable/writable counter of seconds, minutes, hours, and day-of-week with BCD codes
e Periodic (seconds, minutes, hours, days, and weeks) interrupts

e 8-bit free running counter

e Selection of clock source

PSS RTCCSR
32-kHz
oscillator [—> 1/4 —— RSECDR
circuit
> RMINDR
< ,—> RHRDR
TMOW-—] Clock count D

control circuit <—>| RWKDR |<—>

|—> RTCCR1
> RTCCR2

Interrupt
[Legend] "] control circuit

Internal data bus

NS

- Interrupt

RTCCSR: Clock source select register

RSECDR: Second date register/free running counter data register
RMINDR: Minute date register

RHRDR: Hour date register

RWKDR: Day-of-week date register

RTCCR1: RTC control register 1

RTCCR2: RTC control register 2

PSS: Prescaler S

Figure10.1 Block Diagram of RTC
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10.2  Input/Output Pin
Table 10.1 shows the RTC input/output pin.

Table10.1 Pin Configuration

Name Abbreviation 110 Function
Clock output TMOW Output RTC divided clock output

10.3 Register Descriptions
The RTC has the following registers.

e Second data register/free running counter data register (RSECDR)
e Minute data register (RMINDR)

e Hour data register (RHRDR)

e Day-of-week data register RWKDR)

e RTC control register 1 (RTCCR1)

e RTC control register 2 (RTCCR2)

e Clock source select register (RTCCSR)

10.3.1  Second Data Register/Free Running Counter Data Register (RSECDR)

RSECDR counts the BCD-coded second value. The setting range is decimal 00 to 59. It is an 8-bit
read register used as a counter, when it operates as a free running counter. For more information
on reading seconds, minutes, hours, and day-of-week, see section 10.4.3, Data Reading Procedure.

Initial
Bit Bit Name Value R/W Description

7 BSY — R RTC Busy

This bit is set to 1 when the RTC is updating (operating)
the values of second, minute, hour, and day-of-week
data registers. When this bit is 0, the values of second,
minute, hour, and day-of-week data registers must be
adopted.
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Initial
Bit Bit Name Value R/W Description
6 SC12 — R/W Counting Ten's Position of Seconds
5 SC11 — R/W Counts on 0 to 5 for 60-second counting.
4 SC10 — R/W
3 SCO03 — R/W Counting One's Position of Seconds
2 SCo02 — R/W Counts on 0 to 9 once per second. When a carry is
1 SCo1 _ R/W generated, 1 is added to the ten's position.
0 SC00 — R/W

10.3.2 Minute Data Register (RMINDR)

RMINDR counts the BCD-coded minute value on the carry generated once per minute by the
RSECDR counting. The setting range is decimal 00 to 59.

Initial

Bit Bit Name Value R/W Description

7 BSY — R RTC Busy
This bit is set to 1 when the RTC is updating (operating)
the values of second, minute, hour, and day-of-week
data registers. When this bit is 0, the values of second,
minute, hour, and day-of-week data registers must be
adopted.

6 MN12 — R/W Counting Ten's Position of Minutes

5 MN11 — R/W Counts on 0 to 5 for 60-minute counting.

4 MN10 — R/W

3 MNO3 — R/W Counting One's Position of Minutes

2 MNO02 — R/W Counts on 0 to 9 once per minute. When a carry is

1 MNO1 . R/W generated, 1 is added to the ten's position.

0 MNOO — R/W
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1033 Hour Data Register (RHRDR)

RHRDR counts the BCD-coded hour value on the carry generated once per hour by RMINDR.
The setting range is either decimal 00 to 11 or 00 to 23 by the selection of the 12/24 bit in
RTCCRI.

Initial

Bit Bit Name Value R/W Description

7 BSY — R RTC Busy
This bit is set to 1 when the RTC is updating (operating)
the values of second, minute, hour, and day-of-week
data registers. When this bit is 0, the values of second,
minute, hour, and day-of-week data registers must be
adopted.

6 — 0 — Reserved
This bit is always read as 0.

5 HR11 — R/W Counting Ten's Position of Hours

4 HR10 — R/W Counts on 0 to 2 for ten's position of hours.

3 HRO3 — R/W Counting One's Position of Hours

2 HRO02 — R/W Counts on 0 to 9 once per hour. When a carry is

1 HRO1 . R/W generated, 1 is added to the ten's position.

0 HRO0O0 — R/W
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10.34 Day-of-Week Data Register (RWKDR)

RWKDR counts the BCD-coded day-of-week value on the carry generated once per day by
RHRDR. The setting range is decimal O to 6 using bits WK2 to WKO.

Initial
Bit Bit Name Value R/W Description

7 BSY — R RTC Busy

This bit is set to 1 when the RTC is updating (operating)
the values of second, minute, hour, and day-of-week
data registers. When this bit is 0, the values of second,
minute, hour, and day-of-week data registers must be
adopted.

— Reserved

— These bits are always read as 0.

o O O o

WK2 — R/W Day-of-Week Counting
WKA1 — R/W Day-of-week is indicated with a binary code
WKO — R/W 000: Sunday

001: Monday

010: Tuesday

011: Wednesday

100: Thursday

101: Friday

110: Saturday

111: Reserved (setting prohibited)

o = ND|(WwW » O O
|
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1035 RTC Control Register 1 (RTCCR1)

RTCCRI controls start/stop and reset of the clock timer. For the definition of time expression, see
figure 10.2.

Initial
Bit Bit Name Value R/W Description

7 RUN — R/W RTC Operation Start
0: Stops RTC operation
1: Starts RTC operation

6 12/24 — R/W Operating Mode

0: RTC operates in 12-hour mode. RHRDR counts on 0
to 11.

1: RTC operates in 24-hour mode. RHRDR counts on 0
to 23.

5 PM — R/W a.m./p.m.
0: Indicates a.m. when RTC is in the 12-hour mode.
1: Indicates p.m. when RTC is in the 12-hour mode.

4 RST 0 R/W Reset
0: Normal operation

1: Resets registers and control circuits except RTCCSR
and this bit. Clear this bit to 0 after having been set to
1.

3 INT — R/W Interrupt Generation Timing

0: Generates a second, minute, hour, or day-of-week
periodic interrupt during RTC busy period.

1: Generates a second, minute, hour, or day-of-week
periodic interrupt immediately after completing RTC
busy period.

2t00 — All O — Reserved
These bits are always read as 0.

Noon

24-hourcount| 0 |1 |2 (3 |4|5[6|7|8 10(11[12]|13[14[15]|16[17
12-hourcount| 0 [1 |2 |3 [4|5|6]|7 |8 10|11|0|1[2 |34 |5
PM 0 (Morning) 1 (Afternoon)

©

©

24-hour count [18[19[20|21]|22|23| 0
12-hourcount| 6 |7 |8 |9 [10[11| 0
PM 1 (Afternoon) 0

Figure10.2 Definition of Time Expression
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1036 RTC Control Register 2 (RTCCR?2)

RTCCR2 controls RTC periodic interrupts of weeks, days, hours, minutes, and seconds. Enabling
interrupts of weeks, days, hours, minutes, and seconds sets the IRRTA flag to 1 in the interrupt

flag register 1 (IRR1) when an interrupt occurs. It also controls an overflow interrupt of a free
running counter when RTC operates as a free running counter.

Bit Bit Name

Initial
Value

R/W

Description

0
0

Reserved
These bits are always read as 0.

FOIE

R/W

Free Running Counter Overflow Interrupt Enable
0: Disables an overflow interrupt

1: Enables an overflow interrupt

4 WKIE

R/W

Week Periodic Interrupt Enable
0: Disables a week periodic interrupt
1: Enables a week periodic interrupt

3 DYIE

R/W

Day Periodic Interrupt Enable
0: Disables a day periodic interrupt
1: Enables a day periodic interrupt

2 HRIE

R/W

Hour Periodic Interrupt Enable
0: Disables an hour periodic interrupt
1: Enables an hour periodic interrupt

1 MNIE

R/W

Minute Periodic Interrupt Enable
0: Disables a minute periodic interrupt
1: Enables a minute periodic interrupt

0 SEIE

R/W

Second Periodic Interrupt Enable
0: Disables a second periodic interrupt
1: Enables a second periodic interrupt
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10.3.7 Clock Source Select Register (RTCCSR)

RTCCSR selects clock source. A free running counter controls start/stop of counter operation by
the RUN bit in RTCCR1. When a clock other than 32.768 kHz is selected, the RTC is disabled
and operates as an 8-bit free running counter. When the RTC operates as an 8-bit free running
counter, RSECDR enables counter values to be read. An interrupt can be generated by setting 1 to
the FOIE bit in RTCCR?2 and enabling an overflow interrupt of the free running counter. A clock
in which the system clock is divided by 32, 16, 8, or 4 is output in active or sleep mode.

Initial

Bit Bit Name Value R/W Description

7 — 0 — Reserved
This bit is always read as 0.

RCS6 0 R/W Clock Output Selection
RCS5 0 R/W Selects a clock output from the TMOW pin when setting

TMOW in PMR1 to 1.
00: ¢/4
01: ¢/8
10: ¢/16
11: ¢/32

4 — 0 — Reserved
This bit is always read as 0.

3 RCS3 1 R/W Clock Source Selection

2 RCS2 0 R/W 0000: ¢/8:-w+ererererenene Free running counter operation

1 RCSH1 0 R/W 0001: ¢/32 Free running counter operation

0 RCS0 0 R/W 0010: ¢/128:++eveveeee Free running counter operation
0011: ¢p/256:+-+++-enene- Free running counter operation
0100: ¢/512--eeeveveee Free running counter operation
0101: ¢/2048:-------- Free running counter operation
0110: ¢/4096:--+-+---- Free running counter operation
0111: ¢p/8192:---vvvee Free running counter operation
1XXX: 32.768 kHz---RTC operation

[Legend]

X: Don't care

Rev. 1.50 Sep. 18,2007 Page 194 of 584
REJ09B0240-0150 RENESAS



Section 10 Realtime Clock (RTC)

104  Operation

10.4.1 Initial Settings of Registers after Power-On

The RTC registers that store second, minute, hour, and day-of week data are not reset by a RES
input. Therefore, all registers must be set to their initial values after power-on. Once the register
settings are made, the RTC provides an accurate time as long as power is supplied regardless of a
RES input.

10.4.2 Initial Setting Procedure

Figure 10.3 shows the procedure for the initial setting of the RTC. To set the RTC again, also
follow this procedure.

|

| RUN in RTCCR1=0 | :| RTC operation is stopped.
|

| RsTinRTCCRI=1 |
| RTC registers and clock count

| RST in RTCCR1=0 | controller are reset.
[ _
Set RTCCSR, RSECDR,
RMINDR,RHRDR, Clock output and clock source are
RWKDR,12/24 in selected and second, minute, hour,
RTCCRT1, and PM day-of-week,operating mode, and
T — a.m/p.m are set.
RUN in RTCCR1=1 | :| RTC operation is started.

Figure10.3 Initial Setting Procedure
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10.4.3 Data Reading Procedure

When the seconds, minutes, hours, or day-of-week datum is updated while time data is being read,
the data obtained may not be correct, and so the time data must be read again. Figure 10.4 shows
an example in which correct data is not obtained. In this example, since only RSECDR is read
after data update, about 1-minute inconsistency occurs.

To avoid reading in this timing, the following processing must be performed.

1. Check the setting of the BSY bit, and when the BSY bit changes from 1 to 0, read from the
second, minute, hour, and day-of-week registers. When about 62.5 ms is passed after the BSY
bit is set to 1, the registers are updated, and the BSY bit is cleared to 0.

2. Making use of interrupts, read from the second, minute, hour, and day-of week registers after
the IRRTA flag in IRR1 is set to 1 and the BSY bit is confirmed to be 0.

3. Read from the second, minute, hour, and day-of week registers twice in a row, and if there is
no change in the read data, the read data is used.

Before update RWKDR =H'03, RHDDR = H'13, RMINDR = H'46, RSECDR = H'59
BSY bit=0
(1) Day-of-week data register read H'03
(2) Hour data register read H'13
(3) Minute data register read H'46

Processing flow

BSY bit -> 1 (under data update)
After update RWKDR = H'03, RHDDR = H'13, RMINDR = H'47, RSECDR = H'00
v BSY bit-> 0

(4) Second data register read H'00

Figure10.4 Example: Reading of Inaccurate Time Data
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10.5 Interrupt Sources

There are five kinds of RTC interrupts: week interrupts, day interrupts, hour interrupts, minute
interrupts, and second interrupts.

When using an interrupt, initiate the RTC last after other registers are set. Do not set multiple
interrupt enable bits in RTCCR2 simultaneously to 1.

When an interrupt request of the RTC occurs, the IRRTA flag in IRR1 is set to 1. When clearing
the flag, write O.

Table10.2 Interrupt Sources

Interrupt Name Interrupt Source Interrupt Enable Bit
Overflow interrupt Occurs when the free running counter is FOIE
overflowed.

Week periodic interrupt Occurs every week when the day-of-week WKIE
date register value becomes O.

Day periodic interrupt Occurs every day when the day-of-week date DYIE
register is counted.

Hour periodic interrupt Occurs every hour when the hour date HRIE
register is counted.

Minute periodic interrupt ~ Occurs every minute when the minute date  MNIE
register is counted.

Second periodic interrupt  Occurs every second when the second date SCIE
register is counted.
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Section 11 Timer B1

Timer B1 is an 8-bit timer that increments each time a clock pulse is input. This timer has two
operating modes, interval and auto reload. Figure 11.1 shows a block diagram of timer B1.

11.1 Features

o Selection of seven internal clock sources (¢/8192, /2048, $/512, /256, $/64, $/16, and ¢/4) or
an external clock (can be used to count external events).

e An interrupt is generated when the counter overflows.

TMB1 < >

¢_l

> TCB1

A
TMIB1

TLB1

¢—| PSS >

Internal data bus

[Legend]

TMB1:  Timer mode register B1

TCB1:  Timer counter B1

TLB1:  Timer load register B1
IRRTB1: Timer B1 interrupt request flag
PSS: Prescaler S

TMIB1: Timer B1 event input — IRRTB1

Figure11l.1 Block Diagram of Timer B1

11.2  Input/Output Pin
Table 11.1 shows the timer B1 pin configuration.

Table11.1 Pin Configuration

Name Abbreviation 110 Function

Timer B1 event input TMIBA1 Input Event input to TCB1
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11.3  Register Descriptions
The timer B1 has the following registers.

e Timer mode register B1 (TMB1)
e Timer counter B1 (TCBI1)
e Timer load register B1 (TLB1)

11.31 Timer Mode Register B1 (TMB1)

TMBI selects the auto-reload function and input clock.

Initial
Bit Bit Name Value R/W Description
7 TMB17 0 R/W Auto-Reload Function Select
0: Interval timer function selected
1: Auto-reload function selected
6103 — All 1 — Reserved
These bits are always read as 1.
2 TMB12 0 R/W Clock Select
TMB11 0 R/W 000: Internal clock: ¢/8192
0 TMB10 0 R/W 001: Internal clock: $/2048

010: Internal clock: ¢/512

011: Internal clock: ¢/256

100: Internal clock: ¢/64

101: Internal clock: ¢/16

110: Internal clock: ¢/4

111: External event (TMIB1): rising or falling edge*

Note: * The edge of the external event signal is
selected by bit IEG1 in the interrupt edge
select register 1 (IEGR1). See section 3.2.1,
Interrupt Edge Select Register 1 (IEGR1), for
details. Before setting TMB12 to TMB10 to 1,
IRQ1 in the port mode register 1 (PMR1)
should be set to 1.
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1132 Timer Counter B1(TCB1)

TCBI1 is an 8-bit read-only up-counter, which is incremented by internal clock input. The clock
source for input to this counter is selected by bits TMB12 to TMB10 in TMB1. TCB1 values can
be read by the CPU at any time. When TCB1 overflows from H'FF to H'0O or to the value set in
TLB1, the IRRTB1 flag in IRR2 is set to 1. TCB1 is allocated to the same address as TLB1. TCB1
is initialized to H'00.

11.3.3 Timer Load Register B1 (TLB1)

TLB1 is an 8-bit write-only register for setting the reload value of TCB1. When a reload value is
set in TLB1, the same value is loaded into TCB1 as well, and TCB1 starts counting up from that
value. When TCBI1 overflows during operation in auto-reload mode, the TLB1 value is loaded
into TCB1. Accordingly, overflow periods can be set within the range of 1 to 256 input clocks.
TLBI1 is allocated to the same address as TCB1. TLB1 is initialized to H'00.

114  Operation

11.4.1 Interval Timer Operation

When bit TMB17 in TMBI1 is cleared to 0, timer B1 functions as an 8-bit interval timer. Upon
reset, TCB1 is cleared to H'00 and bit TMB17 is cleared to 0, so up-counting and interval timing
resume immediately. The operating clock of timer B1 is selected from seven internal clock signals
output by prescaler S, or an external clock input at pin TMB1. The selection is made by bits
TMB12 to TMB10 in TMBI.

After the count value in TMB1 reaches H'FF, the next clock signal input causes timer B1 to
overflow, setting flag IRRTB1 in IRR2 to 1. If IENTBI1 in IENR?2 is 1, an interrupt is requested to
the CPU.

At overflow, TCB1 returns to H'0O and starts counting up again. During interval timer operation
(TMB17 = 0), when a value is set in TLB1, the same value is set in TCB1.
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11.4.2 Auto-Reload Timer Operation

Setting bit TMB17 in TMBI to 1 causes timer B1 to function as an 8-bit auto-reload timer. When
a reload value is set in TLB1, the same value is loaded into TCB1, becoming the value from which
TCBI starts its count. After the count value in TCB1 reaches H'FF, the next clock signal input
causes timer B1 to overflow. The TLB1 value is then loaded into TCB1, and the count continues
from that value. The overflow period can be set within a range from 1 to 256 input clocks,
depending on the TLB1 value.

The clock sources and interrupts in auto-reload mode are the same as in interval mode. In auto-
reload mode (TMB17 = 1), when a new value is set in TLB1, the TLB1 value is also loaded into
TCBI.

11.4.3 Event Counter Operation

Timer B1 can operate as an event counter in which TMIB1 is set to an event input pin. External
event counting is selected by setting bits TMB12 to TMB10 in TMBI1 to 1. TCB1 counts up at
rising or falling edge of an external event signal input at pin TMBI.

When timer B1 is used to count external event input, bit IRQ1 in PMRI1 should be set to 1 and
IENT in IENR1 should be cleared to O to disable IRQ1 interrupt requests.

115 Timer B1 Operating M odes
Table 11.2 shows the timer B1 operating modes.

Table11.2 Timer B1 Operating Modes

Operating Mode Reset Active Sleep Subactive  Subsleep Standby

TCB1 Interval Reset Functions Functions Halted Halted Halted
Auto-reload  Reset Functions Functions Halted Halted Halted

TMB1 Reset Functions Retained Retained Retained Retained
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Section 12 Timer V

Timer V is an 8-bit timer based on an 8-bit counter. Timer V counts external events. Compare-
match signals with two registers can also be used to reset the counter, request an interrupt, or
output a pulse signal with an arbitrary duty cycle. Counting can be initiated by a trigger input at
the TRGV pin, enabling pulse output control to be synchronized to the trigger, with an arbitrary
delay from the trigger input. Figure 12.1 shows a block diagram of timer V.

121  Features

e Choice of seven clock signals is available.
Choice of six internal clock sources (¢/128, /64, $/32, ¢/16, /8, ¢p/4) or an external clock.

e Counter can be cleared by compare match A or B, or by an external reset signal. If the count
stop function is selected, the counter can be halted when cleared.

e Timer output is controlled by two independent compare match signals, enabling pulse output
with an arbitrary duty cycle, PWM output, and other applications.

e Three interrupt sources: compare match A, compare match B, timer overflow

e Counting can be initiated by trigger input at the TRGV pin. The rising edge, falling edge, or
both edges of the TRGV input can be selected.
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|

Y

TRGV o———>

Trigger control

'

TMCIV O0————>

Clock select

il

!

TCRV1 <

TCORB -

t

——

o —> PSS

TMRIV 0——>

Clear control

Oy

TCNTV

Comparator

i

TCORA -

A AT

TCRVO

Internal data bus

Y

YYVY

TMOVOt—

Qutput control

[Legend]
TCORA:

Time constant register A

TCORB: Time constant register B
TCNTV: Timer counter V

TCSRV: Timer control/status register V. CMIB:

TCRVO: Timer control register VO

TCSRV

Ad AT

Interrupt
request
control

TCRV1: Timer control register V1
PSS:  Prescaler S

CMIA:  Compare-match interrupt A
Compare-match interrupt B
oVI: Overflow interupt

— CMIA
—— CMIB
— > ovI

Figure12.1 Block Diagram of Timer V

12.2  Input/Output Pins

Table 12.1 shows the timer V pin configuration.

Table12.1 Pin Configuration

Name Abbreviation /0O Function

Timer V output TMOV Output Timer V waveform output
Timer V clock input TMCIV Input Clock input to TCNTV

Timer V reset input TMRIV Input External input to reset TCNTV
Trigger input TRGV Input Trigger input to initiate counting
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12.3  Register Descriptions
Time V has the following registers.

e Timer counter V (TCNTV)

e Timer constant register A (TCORA)

e Timer constant register B (TCORB)

e Timer control register VO (TCRVO)

e Timer control/status register V (TCSRV)
e Timer control register V1 (TCRV1)

12.3.1 Timer Counter V (TCNTV)

TCNTYV is an 8-bit up-counter. The clock source is selected by bits CKS2 to CKSO0 in timer
control register VO (TCRVO0). The TCNTYV value can be read and written by the CPU at any time.
TCNTYV can be cleared by an external reset input signal, or by compare match A or B. The
clearing signal is selected by bits CCLR1 and CCLRO in TCRVO.

When TCNTV overflows, OVF is set to 1 in timer control/status register V (TCSRV).

TCNTYV is initialized to H'00.

12.3.2 TimeConstant RegistersA, B (TCORA, TCORB)
TCORA and TCORB have the same function.
TCORA and TCORB are 8-bit readable/writable registers.

TCORA and TCNTYV are compared at all times. When the TCORA and TCNTV contents match,
CMFA is set to 1 in TCSRV. If CMIEA is also set to 1 in TCRVO0, a CPU interrupt is requested.
Note that they must not be compared during the T3 state of a TCORA write cycle.

Timer output from the TMOV pin can be controlled by the identifying signal (compare match A)
and the settings of bits OS3 to OS0 in TCSRV.

TCORA and TCORB are initialized to H'FF.
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12.3.3 Timer Control Register VO (TCRVO0)

TCRVO selects the input clock signals of TCNTV, specifies the clearing conditions of TCNTV,
and controls each interrupt request.

Initial
Bit Bit Name Value R/W Description
7 CMIEB 0 R/W Compare Match Interrupt Enable B
When this bit is set to 1, interrupt request from the
CMFB bit in TCSRV is enabled.
6 CMIEA 0 R/W Compare Match Interrupt Enable A
When this bit is set to 1, interrupt request from the
CMFA bit in TCSRV is enabled.
5 OVIE 0 R/W Timer Overflow Interrupt Enable
When this bit is set to 1, interrupt request from the OVF
bit in TCSRV is enabled.
4 CCLR1 0 R/W Counter Clear 1 and 0
3 CCLRO 0 R/W These bits specify the clearing conditions of TCNTV.
00: Clearing is disabled
01: Cleared by compare match A
10: Cleared by compare match B
11: Cleared on the rising edge of the TMRIV pin. The
operation of TCNTYV after clearing depends on
TRGE in TCRV1.
2 CKS2 0 R/W Clock Select2to 0
1 CKS1 0 R/W These bits select clock signals to input to TCNTV and
0 CKS0 0 r/w  the counting condition in combination with ICKSO0 in

TCRVA1.
Refer to table 12.2.
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Table12.2 Clock Signalsto Input to TCNTV and Counting Conditions

TCRVO TCRV1
Bit 2 Bit 1 Bit 0 Bit 0
CKS2 CKS1 CKSO0 ICKSO0 Description
0 0 0 — Clock input prohibited
1 0 Internal clock: counts on ¢/4, falling edge
1 Internal clock: counts on ¢/8, falling edge
1 0 0 Internal clock: counts on ¢/16, falling edge
1 Internal clock: counts on ¢/32, falling edge
1 0 Internal clock: counts on ¢/64, falling edge
1 Internal clock: counts on ¢/128, falling edge
1 0 0 — Clock input prohibited
1 — External clock: counts on rising edge
1 0 — External clock: counts on falling edge
1 — External clock: counts on rising and falling
edge
1234 Timer Control/Status Register V (TCSRV)

TCSRYV indicates the status flag and controls outputs by using a compare match.

Initial

Bit Bit Name Value R/W Description
7 CMFB 0 R/W Compare Match Flag B

Setting condition:

When the TCNTV value matches the TCORB value

Clearing condition:

After reading CMFB = 1, cleared by writing 0 to CMFB
6 CMFA 0 R/W Compare Match Flag A

Setting condition:

When the TCNTV value matches the TCORA value
Clearing condition:

After reading CMFA = 1, cleared by writing 0 to CMFA

RENESAS
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Bit Bit Name

Initial
Value

R/W

Description

5 OVF

0

R/W

Timer Overflow Flag

Setting condition:

When TCNTV overflows from H'FF to H'00
Clearing condition:

After reading OVF = 1, cleared by writing 0 to OVF

Reserved

This bit is always read as 1.

3 0S3
2 082

R/W
R/W

Output Select 3 and 2

These bits select an output method for the TOMV pin by
the compare match of TCORB and TCNTV.

00: No change
01: 0 output

10: 1 output

11: Output toggles

0OS1
0 0S0

R/W
R/W

Output Select 1 and 0

These bits select an output method for the TOMV pin by
the compare match of TCORA and TCNTV.

00: No change
01: 0 output

10: 1 output

11: Output toggles

0OS3 and OS2 select the output level for compare match B. OS1 and OSO select the output level
for compare match A. The two output levels can be controlled independently. After a reset, the
timer output is 0 until the first compare match.
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12.35 Timer Control Register V1 (TCRV1)

TCRV1 selects the edge at the TRGV pin, enables TRGV input, and selects the clock input to

TCNTV.

Bit Bit Name

Initial
Value

R/W

Description

7t05 —

All1

Reserved
These bits are always read as 1.

4 TVEG1
TVEGO

R/W
R/W

TRGV Input Edge Select

These bits select the TRGV input edge.

00: TRGV trigger input is prohibited

01: Rising edge is selected

10: Falling edge is selected

11: Rising and falling edges are both selected

2 TRGE

R/W

TCNT starts counting up by the input of the edge which

is selected by TVEG1 and TVEGO.

0: Disables starting counting-up TCNTV by the input of
the TRGV pin and halting counting-up TCNTV when
TCNTYV is cleared by a compare match.

1: Enables starting counting-up TCNTV by the input of
the TRGV pin and halting counting-up TCNTV when
TCNTV is cleared by a compare match.

Reserved
This bit is always read as 1.

0 ICKSO

R/W

Internal Clock Select 0

This bit selects clock signals to input to TCNTV in
combination with CKS2 to CKSO0 in TCRVO.

Refer to table 12.2.
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124  Operation

1241 Timer V Operation

1.

According to table 12.2, six internal/external clock signals output by prescaler S can be
selected as the timer V operating clock signals. When the operating clock signal is selected,
TCNTYV starts counting-up. Figure 12.2 shows the count timing with an internal clock signal
selected, and figure 12.3 shows the count timing with both edges of an external clock signal
selected.

When TCNTV overflows (changes from H'FF to H'00), the overflow flag (OVF) in TCRV0
will be set. The timing at this time is shown in figure 12.4. An interrupt request is sent to the
CPU when OVIE in TCRVO is 1.

TCNTYV is constantly compared with TCORA and TCORB. Compare match flag A or B
(CMFA or CMFB) is set to 1 when TCNTV matches TCORA or TCORB, respectively. The
compare-match signal is generated in the last state in which the values match. Figure 12.5
shows the timing. An interrupt request is generated for the CPU when CMIEA or CMIEB in
TCRVOis 1.

When a compare match A or B is generated, the TMOV responds with the output value
selected by bits OS3 to OSO in TCSRV. Figure 12.6 shows the timing when the output is
toggled by compare match A.

When CCLR1 or CCLRO in TCRVO is 01 or 10, TCNTYV can be cleared by the corresponding
compare match. Figure 12.7 shows the timing.

When CCLR1 or CCLRO in TCRVO0 is 11, TCNTV can be cleared by the rising edge of the
input of TMRIV pin. A TMRIV input pulse-width of at least 1.5 system clocks is necessary.
Figure 12.8 shows the timing.

When a counter-clearing source is generated with TRGE in TCRV1 set to 1, the counting-up is
halted as soon as TCNTV is cleared. TCNTV resumes counting-up when the edge selected by
TVEGI1 or TVEGO in TCRV1 is input from the TGRYV pin.
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Internal clock | « | ) |
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TCNTV input a*
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l(Exterr!aI clock | ( I_
input pin) k )Y
TCNTV input

clock | |

(( (
TCNTV N-—1 X [0 N X ::(’ N+1
)) )

Figure12.3 Increment Timing with External Clock

TCNTV HFF X H'00

Overflow signal | |
OVF |

Figure12.4 OVF Set Timing
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Figure12.6 TMOV Output Timing
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Figure12.7 Clear Timing by Compare Match
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Figure12.8 Clear Timing by TMRIV Input
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125 Timer V Application Examples

1251  Pulse Output with Arbitrary Duty Cycle
Figure 12.9 shows an example of output of pulses with an arbitrary duty cycle.

1. Set bits CCLR1 and CCLRO in TCRVO so that TCNTV will be cleared by compare match with
TCORA.

2. Set bits OS3 to OSO in TCSRYV so that the output will go to 1 at compare match with TCORA
and to 0 at compare match with TCORB.

3. Set bits CKS2 to CKS0 in TCRVO and bit ICKS0 in TCRV1 to select the desired clock source.

4. With these settings, a waveform is output without further software intervention, with a period
determined by TCORA and a pulse width determined by TCORB.

TCNTV value

A
HFF

TCORA

TCORB

H'00

TMOV

Figure12.9 Pulse Output Example
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125.2  Pulse Output with Arbitrary Pulse Width and Delay from TRGV Input

The trigger function can be used to output a pulse with an arbitrary pulse width at an arbitrary
delay from the TRGV input, as shown in figure 12.10. To set up this output:

1. Set bits CCLR1 and CCLRO in TCRVO so that TCNTV will be cleared by compare match with
TCORB.

2. Set bits OS3 to OSO in TCSRYV so that the output will go to 1 at compare match with TCORA
and to 0 at compare match with TCORB.

3. Setbits TVEGI and TVEGO in TCRV1 and set TRGE to select the falling edge of the TRGV
input.

4. Set bits CKS2 to CKSO0 in TCRVO and bit ICKS0 in TCRV1 to select the desired clock source.

5. With these settings, a pulse waveform will be output without further software intervention,
with a delay determined by TCORA from the TRGV input, and a pulse width determined by
(TCORB - TCORA).

TCNTV value
A
HFF L.
TCORB [ -mmmmmmmmmmmmm oo oo oo s
TCORA  [ecmmmmcmc e e e e e e e e -
H'00 ; . > Time
TRGV | | ,
TMOV « ‘
\/ . \ .
Compare match A Compare match A ¢
Compare match B Compare match B
clears TCNTV and clears TCNTV and
halts count-up halts count-up

Figure12.10 Example of Pulse Output Synchronized to TRGV Input
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126  Usage Notes

The following types of contention or operation can occur in timer V operation.

1.

Writing to registers is performed in the T3 state of a TCNTV write cycle. If a TCNTV clear
signal is generated in the T3 state of a TCNTV write cycle, as shown in figure 12.11, clearing
takes precedence and the write to the counter is not carried out. If counting-up is generated in
the T3 state of a TCNTV write cycle, writing takes precedence.

If a compare match is generated in the T3 state of a TCORA or TCORB write cycle, the write
to TCORA or TCORB takes precedence and the compare match signal is inhibited. Figure
12.12 shows the timing.

If compare matches A and B occur simultaneously, any conflict between the output selections
for compare match A and compare match B is resolved by the following priority: toggle
output > output 1 > output 0.

Depending on the timing, TCNTV may be incremented by a switch between different internal
clock sources. When TCNTYV is internally clocked, an increment pulse is generated from the
falling edge of an internal clock signal, that is divided system clock (¢). Therefore, as shown
in figure 12.3 the switch is from a high clock signal to a low clock signal, the switchover is
seen as a falling edge, causing TCNTV to increment. TCNTV can also be incremented by a
switch between internal and external clocks.

TCNTV write cycle by CPU
| T, T, Ty |

o 1 L1 L1 LJ L
Address X TCNTV address X

Internal write signal | |
Counter clear signal | |

TCNTV N X H'00

Figure12.11 Contention between TCNTV Write and Clear
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TCORA write cycle by CPU

T, T, T, |

¢ [ I

Address >< TCORA address X
Internal write signal | |

TCNTV N X N+1
TCORA N X M
[ TCORA write data
e mm——— '
Compare match signal H :q\
\ Inhibited

Figure12.12 Contention between TCORA Write and Compare Match

Clock before
switching

Clock after
switching

Count clock |_| (m

TCNTV N X N+1 X N+2 X

Write to CKS1 and CKSO

Figure12.13 Internal Clock Switchingand TCNTV Operation
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Section 13 Timer RC

Timer RC is a 16-bit timer having output compare and input capture functions. Timer RC can
count external events and output pulses with a desired duty cycle using the compare match
function between the timer counter and four general registers. Thus, it can be applied to various
systems.

13.1 Features

e Selection of seven counter clock sources

Six internal clocks (¢, ¢/2, d/4, ¢/8, ¢/32, and $p40M which is a 40-MHz/32-MHz clock derived
from the on-chip oscillator) and an external clock (for counting external events)

e Capability to process up to four pulse outputs or four pulse inputs
e Four general registers
— Can be used as output compare or input capture registers independently
— Can be used as buffer registers for the output compare or input capture registers
e Timer inputs and outputs
— Timer mode
Waveform output by compare match (Selection of O output, 1 output, or toggle output)
Input capture function (Rising edge, falling edge, or both edges)
Counter clearing function (Counters can be cleared by compare match)
— PWM mode
Generates up to three-phase PWM output with desired duty cycles.
— PWM2 mode
Generates pulses with a desired period and duty cycle.
e Any initial timer output value can be set
o Five interrupt sources

Four compare match/input capture interrupts and an overflow interrupt.
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Table 13.1 summarizes the timer RC functions, and figure 13.1 shows a block diagram of timer

RC.

Table13.1 Timer RC Functions

Input/Output Pins

Item Counter FTIOA FTIOB FTIOC FTIOD
Count clock Internal clocks: ¢, /2, /4, /8, /32, and $p40M
External clock: FTCI

General registers Period GRA GRB GRC (buffer GRD (buffer

(output compare/input specified in register for  register for

capture registers) GRA GRAin GRB in

buffer mode) buffer mode)

Counter clearing function GRA GRA — — —

compare  compare
match match
TGRC input — — — —

Initial output value — Yes Yes Yes Yes

setting function

Buffer function — Yes Yes — —

Compare 0 — Yes Yes Yes Yes

match output 7 — Yes Yes Yes Yes

Toggle  — Yes Yes Yes Yes

Input capture function — Yes Yes Yes Yes

PWM mode — — Yes Yes Yes

PWM2 mode — — Yes — —

Interrupt sources Overflow  Compare Compare Compare Compare
match/input  match/input match/input match/input
capture capture capture capture
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Internal clock: ¢

o/2 «—>» FTIOA/TRGC
o/4
o8 C) Clock <—> FTIOB
/32 selecter
$40M Control logic l«—> FTIOC
External clock: FTCI Comparator <—» FTIOD
TRCOl ———» —» IRRTRG
1L 1T 171 [ IT I ITIT I 1L 10 11
- ||« || =
5<moo§¢°ﬁ§%%%53_
QlfzllellelcISEISISIOlIZIZIR]|o
MIEEIEEIRIEIREREREIBEIEENE
FlleflEl e+
= i | e | A =ilF] g | Internal
& | data bus
s>
12}
[Legend] a
TMCMR: Timer RC mode register (8 bits)
TRCCRT1: Timer RC control register 1 (8 bits) —
TRCCR2: Timer RC control register 2 (8 bits)
TRCIER: Timer RC interrupt enable register (8 bits)
TRCSR: Timer RC status register (8 bits)
TRCIORO: Timer RC I/O control register O (8 bits)
TRCIORT1: Timer RC I/O control register 1 (8 bits)
TRCOER: Timer RC output enable register (8 bits)
TRCDF: Timer RC digital filter function select register (8 bits)
TRCCNT: Timer RC counter (16 bits)
GRA: General register A (input capture/output compare register: 16 bits)
GRB: General register B (input capture/output compare register: 16 bits)
GRC: General register C (input capture/output compare register: 16 bits)
GRD: General register D (input capture/output compare register: 16 bits)

Figure13.1 Timer RC Block Diagram
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13.2  Input/Output Pins

Table 13.2 summarizes the timer RC pins.

Table13.2 Pin Configuration

Input/
Name Symbol Output Function
External clock input FTCI Input External clock input pin

Input capture/
output compare A

FTIOA/TRGC  1/O

Output pin for GRA output compare/
input pin for GRA input capture/
external trigger input pin (TRGC)

Input capture/ FTIOB I/O Output pin for GRB output compare/
output compare B input pin for GRB input capture/

PWM output pin in PWM mode
Input capture/ FTIOC I/0 Output pin for GRC output compare/
output compare C input pin for GRC input capture/

or PWM output pin in PWM mode
Input capture/ FTIOD I/0 Output pin for GRD output compare/
output compare D input pin for GRD input capture/

or PWM output pin in PWM mode
Timer output control input  TRCOI Input Input pin for timer output disabling signal
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13.3  Register Descriptions
Timer RC has the following registers.

e Timer RC mode register (TRCMR)

e Timer RC control register | (TRCCR1)

e Timer RC control register 2 (TRCCR2)

e Timer RC interrupt enable register (TRCIER)
e Timer RC status register (TRCSR)

e Timer RC I/O control register 0 (TRCIORO)
e Timer RC I/O control register 1 (TRCIOR1)
e Timer RC output enable register (TRCOER)
e Timer RC digital filtering function select register (TRCDF)
e Timer RC counter (TRCCNT)

o General Registers A to D (GRA to GRD)

e General register A (GRA)

¢ General register B (GRB)

e General register C (GRC)

e General register D (GRD)
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1331 Timer RC Mode Register (TRCMR)

TRCMR selects the general register functions and the timer output mode.

Initial
Bit Bit Name Value R/W

Description

7 CTS 0 R/W

Counter Start

TRCCNT stops counting when this bit is 0, while it
performs counting when this bit is 1.

[Setting condition]

e When 1 is written in CTS
[Clearing conditions]

e When 0 is written in CTS

¢ In PWM2 mode, when the CSTP bit in TRCCR2 is set
to 1 and a compare match signal is generated

Reserved

This bit is always read as 1.

5 BUFEB 0 R/W

Buffer Operation B
Selects the GRD function.

0: GRD functions as an input capture/output compare
register

1: GRD functions as the buffer register for GRB

4 BUFEA 0 R/W

Buffer Operation A
Selects the GRC function.

0: GRC functions as an input capture/output compare
register

1: GRC functions as the buffer register for GRA

3 PWM2 1 R/W

PWM2 Mode
Selects the output mode of the FTIOB pin.

0: Functions in PWM2 mode.
The following settings are invalid: TRCIORO,
TRCIOR1, and the PWMB, PWMC, and PWMD bits in
TRCMR.

1: Functions in timer mode or PWM mode.
The following settings are valid: TRCIORO0, TRCIOR1,
and the PWMB, PWMC, and PWMD bits in TRCMR.
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Initial
Bit Bit Name Value R/W Description
2 PWMD 0 R/W PWM Mode D
Selects the output mode of the FTIOD pin.
0: Functions in timer mode
1: Functions in PWM mode
1 PWMC 0 R/W PWM Mode C
Selects the output mode of the FTIOC pin.
0: Functions in timer mode
1: Functions in PWM mode
0 PWMB 0 R/W PWM Mode B

Selects the output mode of the FTIOB pin.

0: Functions in timer mode
1: Functions in PWM mode
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13.3.2 Timer RC Control Register 1 (TRCCR1)

TRCCRI specifies the source of the counter clock, clearing conditions, and initial output levels of

TRCCNT.

Bit Bit Name

Initial
Value

R/W

Description

7 CCLR

0

R/W

Counter Clear

The TRCCNT value is cleared by compare match A when
this bit is 1. When it is 0, TRCCNT functions as a free-
running counter.

6 CKS2
CKS1
4 CKS0

(¢)]

o

R/W
R/W
R/W

Clock Select2to 0

Select the source of the clock input to TRCCNT.

000: TRCCNT counts the internal clock ¢

001: TRCCNT counts the internal clock ¢/2

010: TRCCNT counts the internal clock ¢/4

011: TRCCNT counts the internal clock ¢/8

100: TRCCNT counts the internal clock ¢/32

101: TRCCNT counts the rising edge of the external
event (FTCI)

110: TRCCNT counts the internal clock $40M

111: Reserved (setting prohibited)

When the internal clock (¢) is selected, TRCCNT counts
the subclock in subactive or subsleep mode. *

Note: * When selecting the internal clock $40M, the
on-chip oscillator should be in operation.
When switching the clock, the counter should
be halted.

3 TOD

R/W

Timer Output Level Setting D

Sets the output value of the FTIOD pin until the first
compare match D is generated. In PWM mode, controls
the output polarity of the FTIOD pin.

0: Output value is 0*
1: Output value is 1*

2 TOC

R/W

Timer Output Level Setting C

Sets the output value of the FTIOC pin until the first
compare match C is generated. In PWM mode, controls
the output polarity of the FTIOC pin.

0: Output value is 0*
1: Output value is 1*

Rev. 1.50 Sep. 18,2007 Page 224 of 584

REJ09B0240-0150

RENESAS



Section 13 Timer RC

Initial
Bit Bit Name Value R/W Description
1 TOB 0 R/W Timer Output Level Setting B

Sets the output value of the FTIOB pin until the first
compare match B is generated. In PWM mode, controls
the output polarity of the FTIOB pin.

0: Output value is 0*
1: Output value is 1*
0 TOA 0 R/W Timer Output Level Setting A

Sets the output value of the FTIOA pin until the first
compare match A is generated.

0: Output value is 0*
1: Output value is 1*

[Legend]
X: Don't care.
Note: * The change of the setting is immediately reflected in the output value.

13.3.3 Timer RC Control Register 2 (TRCCR2)

TRCCR?2 specifies the edge of the TRGC signal and an input enable.

Initial
Bit Bit Name Value R/W Description
7 TCEG1 0 R/W TRGC Input Edge Select
6 TCEGO 0 R/W These bits select the input edge of the TRGC signal. This
function is only enabled when the PWM2 bit in TRCMR is
setto 0.

00: A trigger input on TRGC is disabled
01: The rising edge is selected

10: The falling edge is selected

11: Both edges are selected

5 CSTP 0 R/W Specifies whether TRCCNT counting up is halted or
continued by the compare match A signal. This function is
only enabled when the PWM2 bit in TRCMR is set to 0.

0: TRCCNT counting up is continued

1: TRCCNT counting up is halted
4t00 — All 1 — Reserved

These bits are always read as 1.
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13.34 Timer RC Interrupt Enable Register (TRCIER)

TRCIER controls the timer RC interrupt request.

Initial

Bit Bit Name Value R/W Description

7 OVIE 0 R/W Timer Overflow Interrupt Enable
When this bit is set to 1, an FOVI interrupt requested by
the OVF flag in TRCSR is enabled.

6to4 — All 1 — Reserved
These bits are always read as 1.

3 IMIED 0 R/W Input Capture/Compare Match Interrupt Enable D
When this bit is set to 1, an IMID interrupt requested by
the IMFD flag in TRCSR is enabled.

2 IMIEC 0 R/W Input Capture/Compare Match Interrupt Enable C
When this bit is set to 1, an IMIC interrupt requested by
the IMFC flag in TRCSR is enabled.

1 IMIEB 0 R/W Input Capture/Compare Match Interrupt Enable B
When this bit is set to 1, an IMIB interrupt requested by
the IMFB flag in TRCSR is enabled.

0 IMIEA 0 R/W Input Capture/Compare Match Interrupt Enable A

When this bit is set to 1, an IMIA interrupt requested by
the IMFA flag in TRCSR is enabled.
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1335 Timer RC Status Register (TRCSR)

TRCSR shows the status of interrupt requests.

Initial
Bit Bit Name Value R/W

Description

7 OVF 0 R/W

Timer Overflow Flag

[Setting condition]

When TRCCNT overflows from H'FFFF to H'0000
[Clearing condition]

Read OVF when OVF = 1, then write 0 in OVF

6to4 — All1 —

Reserved

These bits are always read as 1.

3 IMFD 0 R/W

Input Capture/Compare Match Flag D

[Setting conditions]

e TRCCNT = GRD when GRD functions as an output
compare register

e The TRCCNT value is transferred to GRD by an input
capture signal when GRD functions as an input
capture register

e TRCCNT = GRD when the PWMD bit is set to 1 or
the PWM2 bit to 0 in TRCMR

[Clearing condition]

Read IMFD when IMFD = 1, then write 0 in IMFD

2 IMFC 0 R/W

Input Capture/Compare Match Flag C

[Setting conditions]

e TRCCNT = GRC when GRC functions as an output
compare register

e The TRCCNT value is transferred to GRC by an input
capture signal when GRC functions as an input
capture register

¢ TRCCNT = GRC when the PWMC bit is setto 1 or
the PWM2 bit to 0 in TRCMR

[Clearing condition]

Read IMFC when IMFC = 1, then write 0 in IMFC
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Initial
Bit Bit Name Value R/W

Description

1 IMFB 0 R/W

Input Capture/Compare Match Flag B

[Setting conditions]

e TRCCNT = GRB when GRB functions as an output
compare register

e The TRCCNT value is transferred to GRB by an input
capture signal when GRB functions as an input
capture register

e TRCCNT = GRB when the PWMB bit is set to 1 or the
PWM2 bit to 0 in TRCMR

[Clearing condition]

Read IMFB when IMFB = 1, then write 0 in IMFB

0 IMFA 0 R/W

Input Capture/Compare Match Flag A

[Setting conditions]

e TRCCNT = GRA when GRA functions as an output
compare register

o The TRCCNT value is transferred to GRA by an input
capture signal when GRA functions as an input
capture register

e TRCCNT = GRA when the PWMD, PWMC, or PWMB
bit is set to 1 or the PWM2 bit to 0 in TRCMR

[Clearing condition]

Read IMFA when IMFA = 1, then write 0 in IMFA
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13.3.6 Timer RC I/O Control Register 0 (TRCIORO0)
TRCIORO selects the functions of GRA and GRB, and specifies the functions of the FTIOA and
FTIOB pins.
Initial
Bit Bit Name Value R/W Description
7 — 1 — Reserved
This bit is always read as 1.
6 10B2 0 R/W I/O Control B2
Selects the GRB function.
0: GRB functions as an output compare register
1: GRB functions as an input capture register
5 I0B1 0 R/W I/O Control B1 and BO
4 10B0 0 R/W When IOB2 = 0,
00: No output at compare match
01: 0 output to the FTIOB pin at GRB compare match
10: 1 output to the FTIOB pin at GRB compare match
11: Output toggles to the FTIOB pin at GRB compare
match
When IOB2 =1,
00: Input capture at rising edge at the FTIOB pin
01: Input capture at falling edge at the FTIOB pin
1X: Input capture at rising and falling edges of the FTIOB
pin
3 — 1 — Reserved
This bit is always read as 1.
2 I0A2 0 R/W I/O Control A2

Selects the GRA function.
0: GRA functions as an output compare register
1: GRA functions as an input capture register
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Initial
Bit Bit Name Value R/W Description
1 I0A1 0 R/W I/O Control A1 and AO
0 I0A0 0 R/W When I0A2 =0,

00: No output at compare match
01: 0 output to the FTIOA pin at GRA compare match
10: 1 output to the FTIOA pin at GRA compare match

11: Output toggles to the FTIOA pin at GRA compare
match

When IOA2 =1,
00: Input capture at rising edge of the FTIOA pin
01: Input capture at falling edge of the FTIOA pin

1X: Input capture at rising and falling edges of the FTIOA
pin

[Legend]

X: Don't care.

Note: When a GR register functions as a buffer register for a paired GR register, the settings in
the IOA2 and 10B2 bits in TRCIORO and the I0OC2 and 10D2 bits in TRCIOR1 of both
registers should be the same.
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13.3.7

Timer RC I/O Control Register 1 (TRCIOR1)

TRCIORI selects the functions of GRC and GRD, and specifies the functions of the FTIOC and
FTIOD pins.

Bit

Bit Name

Initial
Value

R/W

Description

7

1

Reserved
This bit is always read as 1.

I0D2

R/W

I/O Control D2

Selects the GRD function.

0: GRD functions as an output compare register
1: GRD functions as an input capture register

I0D1
I0DO0

R/W
R/W

I/O Control D1 and DO

When IOD2 =0,

00: No output at compare match

01: 0 output to the FTIOD pin at GRD compare match
10: 1 output to the FTIOD pin at GRD compare match

11: Output toggles to the FTIOD pin at GRD compare
match

When I0OD2 =1,
00: Input capture at rising edge at the FTIOD pin
01: Input capture at falling edge at the FTIOD pin

1X: Input capture at rising and falling edges at the FTIOD
pin

Reserved
This bit is always read as 1.

2

I0C2

R/W

I/O Control C2

Selects the GRC function.

0: GRC functions as an output compare register
1: GRC functions as an input capture register
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Initial
Bit Bit Name Value R/W Description
1 10CH1 0 R/W I/0O Control C1 and CO
0 10C0 0 R/W When IOC2 =0,

00: No output at compare match
01: 0 output to the FTIOC pin at GRC compare match
10: 1 output to the FTIOC pin at GRC compare match

11: Output toggles to the FTIOC pin at GRC compare
match

When IOC2 =1,
00: Input capture to GRC at rising edge of the FTIOC pin
01: Input capture to GRC at falling edge of the FTIOC pin

1X: Input capture to GRC at rising and falling edges of
the FTIOC pin

[Legend]

X: Don't care.

Note: When a GR register functions as a buffer register for a paired GR register, the settings in
the IOA2 and 10B2 bits in TRCIORO and the I0OC2 and 10D2 bits in TRCIOR1 of both
registers should be the same.
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1338 Timer RC Output Enable Register (TRCOER)

TRCOER enables or disables the timer outputs. When setting the PTO bit to 1 and driving the
TRCOI signal low, the ED, EC, EB and EA bits are set to 1 and timer RC outputs are disabled.

Initial
Bit Bit Name Value

R/W

Description

7 PTO

0

R/W

Timer Output Disabled Mode

0: The ED, EC, EV, EA bits are not set to 1 by the low
level input of the TRCOI signal

1: The ED, EC, EV, EA bits are set to 1 by the low level
input of the TRCOI signal

6to4 —

All 1

Reserved
These bits are always read as 1.

R/W

Master Enable D

0: The FTIOD output is enabled according to TRCMR,
TRCIORO, and TRCIORH1

1: The FTIOD output is disabled regardless of TRCMR,
TRCIORO, and TRCIOR1 (The FTIOD pin functions as
an /O port)

R/W

Master Enable C

0: The FTIOC output is enabled according to TRCMR,
TRCIORO, and TRCIORH1

1: The FTIOC output is disabled regardless of TRCMR,
TRCIORO, and TRCIOR1 (The FTIOC pin functions as
an 1/O port)

R/W

Master Enable B

0: The FTIOB output is enabled according to TRCMR,
TRCIORO, and TRCIORH1

1: The FTIOB output is disabled regardless of TRCMR,
TRCIORO, and TRCIOR1 (The FTIOB pin functions as
an 1/O port)

R/W

Master Enable A

0: The FTIOA output is enabled according to TRCIORO
and TRCIOR1

1: The FTIOA output is disabled regardless of TRCIORO
and TRCIORT1 (The FTIOA pin functions as an 1/O

port)
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13.3.9 Timer RC Digital Filtering Function Select Register (TRCDF)

TRCDF enables or disables the digital filter for each of the FTIOA to FTIOD and TRGC pin. The
setting in this register is valid on the corresponding pin when the FTIOA to FTIOA inputs are
enabled by TRCIORO and TRCIORI1 and the TRGC input is selected by bits TCEG1 and TCEGO
in TRCCR2.

Initial

Bit Bit Name Value R/W  Description
7 DFCK1 0 R/W  These bits select the clock to be used by the digital
6 DFCKO 0 rw filter.

00: ¢/32

01: ¢/8

10: ¢

11: Clock specified by bits CKS2 to CKS0 in TRCCR1
5 — 0 — Reserved

This bit is always read as 0.

4 DFRG 0 R/W  Enables or disables the digital filter for the TRGC pin.
0: Disables the digital filter
1: Enables the digital filter

3 DFD 0 R/W  Enables or disables the digital filter for the FTIOD pin.
0: Disables the digital filter
1: Enables the digital filter

2 DFC 0 R/W  Enables or disables the digital filter for the FTIOC pin.
0: Disables the digital filter
1: Enables the digital filter

1 DFB 0 R/W  Enables or disables the digital filter for the FTIOB pin.
0: Disables the digital filter
1: Enables the digital filter

0 DFA 0 R/W  Enables or disables the digital filter for the FTIOA pin.
0: Disables the digital filter
1: Enables the digital filter
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13.3.10 Timer RC Counter (TRCCNT)

TRCCNT is a 16-bit readable/writable up-counter. The input clock is selected by bits CKS2 to
CKSO0 in TRCCR1. TRCCNT can be cleared to H'0000 through a compare match of GRA by
setting the CCLR bit in TRCCR1 to 1. When TRCCNT overflows (changes from H'FFFF to
H'0000), the OVF flag in TRCSR is set to 1. If the OVIE bit in TRCIER is set to 1 at this time, an
interrupt request is generated. TRCCNT must always be read from or written to in units of 16 bits;
8-bit accesses are not allowed. TRCCNT is initialized to H'0000 by a reset.

13.3.11 General RegistersA, B, C, and D (GRA, GRB, GRC, and GRD)

Each general register is a 16-bit readable/writable register that can function as either an output-
compare register or an input-capture register. The function is selected by settings in TRCIORO and
TRCIORI.

When a general register is used as an input-compare register, its value is constantly compared with
the TRCCNT value. When the two values match (a compare match), the corresponding flag (the
IMFA, IMFB, IMFC, or IMFD bit) in TRCSR s set to 1. An interrupt request is generated at this
time, when the IMIEA, IMIEB, IMIEC, or IMIED bit in TRCIER is set to 1. A compare match
output can be selected in TRCIOR.

When a general register is used as an input-capture register, an external input-capture signal is
detected and the current TRCCNT value is stored in the general register. The corresponding flag
(the IMFA, IMFB, IMFC, or IMFD bit) in TRCSR is set to 1. If the corresponding interrupt-
enable bit (the IMIEA, IMIEB, IMIEC, or IMIED bit) in TRIER is set to 1 at this time, an
interrupt request is generated. The edge of the input-capture signal is selected in TRCIOR.

GRC and GRD can be used as buffer registers of GRA and GRB, respectively, by setting BUFEA
and BUFEB in TRCMR.

For example, when GRA is set as an output-compare register and GRC is set as the buffer register
for GRA, the value in the buffer register GRC is sent to GRA whenever compare match A is
generated.

When GRA is set as an input-capture register and GRC is set as the buffer register for GRA, the
value in TRCCNT is transferred to GRA and the value in the buffer register GRC is transferred to
GRA whenever an input capture is generated.

GRA to GRD must be written or read in 16-bit units; 8-bit access is not allowed. GRA to GRD are
initialized to H'FFFF by a reset.
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134 Operation
Timer RC has the following operating modes.

e Timer mode operation
— Enables output compare and input capture functions by setting the IOA2 to IOAO0 and IOB2
to IOBO bits in TRCIORO and the IOC2 to IOCO and IOD2 to IODO bits in TRCIOR 1

e  PWM mode operation
— Enables PWM mode operation by setting the PWMD, PWMC, and PWMB bits in TRCMR

e PWM2 mode operation
— Enables PWM2 mode operation by setting the PWM2 bit in TRMR

The FTIOA to FTIOD pins indicate the timer output mode by each register setting.

e FTIOA pin
Register
Name TRCOER TRCIORO
I0A2 to
Bit Name EA PWM2 I0A0 Function
Setting 0 1 001, 01X  Timer mode waveform output (output compare
values function)
0 1 1XX Timer mode (input capture function)
Other than above General I/O port
[Legend]
X: Don't care.

Rev. 1.50 Sep. 18,2007 Page 236 of 584

REJ09B0240-0150 RENESAS



Section 13 Timer RC

e FTIOB pin
Register
Name TRCOER TRCMR TRCIORO
IOB2 to
Bit Name EB PWM2 PWMB 10BO Function
Setting 0 0 X XXX PWM2 mode waveform output
values 0 1 1 XXX PWM mode waveform output
0 1 0 001, 01X Timer mode waveform output (output
compare function)
0 1 0 1XX Timer mode (input capture function)
Other than above General I/O port
[Legend]
X: Don't care.
e FTIOC pin
Register
Name TRCOER TRCMR TRCIOR1
I0C2 to
Bit Name EC PWM2 PWMC 10CO Function
Setting 0 1 1 XXX PWM mode waveform output
values 0 1 0 001, 01X Timer mode waveform output (output
compare function)
0 1 0 1XX Timer mode (input capture function)
1
Other than above General I/O port
[Legend]
X: Don't care.

RENESAS
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e FTIOD pin
Register
Name TRCOER TRCMR TRCIOR1
I0D2 to
Bit Name ED PWM2 PWMD 10DO Function
Setting 0 1 1 XXX PWM mode waveform output
values 0 1 0 001, 01X Timer mode waveform output (output
compare function)
0 1 0 1XX Timer mode (input capture function)
Other than above General I/O port
[Legend]
X: Don't care.

1341 Timer Mode Operation

TRCCNT performs free-running or periodic counting operations. After a reset, TRCCNT is set as
a free-running counter. When the CTS bit in TRCMR is set to 1, TRCCNT starts counting. When
the TRCCNT value overflows from H'FFFF to H'0000, the OVF flag in TRCSR is set to 1. If the
OVIE in TRCIER is set to 1, an interrupt request is generated. Figure 13.2 shows an example of
free-running counting.

TRCCNT

H'0000 » Time

CTS bit | .
' Flag cleared

by software
e

OVF iij

Figure13.2 Free-Running Counter Operation
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Periodic counting operation can be performed when GRA is set as an output compare register and
the CCLR bit in TRCCRI is set to 1. When the counter value matches GRA, TRCCNT is cleared
to H'0000, the IMFA flag in TRCSR is set to 1. If the corresponding IMIEA bit in TRCIER is set
to 1, an interrupt request is generated. TRCCNT continues counting from H'0000. Figure 13.3
shows an example of periodic counting.

TRCCNT
GRA |- g
H'0000 » Time
CTS bit 5
—_— - Flag cleared
! o by software
IMFA

Figure 13.3 Periodic Counter Operation

By setting a general register as an output compare register, the specified level of a signal can be
output on the FTIOA, FTIOB, FTIOC, or FTIOD pin on compare match A, B, C, or D. The output
level can be selected from 0, 1, or toggle. Figure 13.4 shows an example of TRCCNT functioning
as a free-running counter. In this example, 1 is output on compare match A and 0O is output on
compare match B. When the signal level is already at the selected output level, it is not changed
on a compare match.

TRCCNT

=
GRA  |ommmmmmea? T

GRB  |oeeo 7 . N B [ R
H'0000

FTIOA : I ! ~ No change ! No change

FTIOB | i No change 1_No change
J

Figure13.4 0and 1 Output Example(TOA=0,TOB =1)
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Figure 13.5 shows an example of toggled output when TRCCNT functions as a free-running
counter, and the toggled output is selected for both compare matches A and B.

TRCCNT

i =
GRA  |rmmemmmme T T

GRB  |-eoo . R S N R
H'0000

'
'
....... EpEp——
'
'

E ; ; » Time
FTIOA | I ! | Output toggled
ETIOB | | | Output toggled

Figure13.5 Toggle Output Example (TOA =0, TOB =1)

Figure 13.6 shows another example of toggled output when TRCCNT functions as a periodic
counter on both compare matches A and B.

TRCCNT
Counter cleared by compare match of GRA

L
GRA f-mmmmo o o e e e -
GRB f f R R O I
H'0000 : s | s i > Time

E : E : Output
FTIOA h I : ' toggled

FTIOB | | | | Output
toggled

Figure13.6 Toggle Output Example (TOA =0, TOB =1)
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The TRCCNT value can be captured into a general register (GRA, GRB, GRC, or GRD) when
signal levels are changed on an input-capture pin (FTIOA, FTIOB, FTIOC, or FTIOD) by
specifying the general register as an input capture register. The capture timing can be selected
from the rising, falling, or both edges. By using the input-capture function, the width or cycle of a
pulse can be measured. Figure 13.7 shows an example of an input capture when both edges of the
FTIOA signal and the falling edge of the FTIOB signal are selected as capture timings. TRCCNT
functions as a free-running counter.

TRCCNT
A

e
HFOQOO - === mmmmmmm oo oo oo e

HAABS |« oo mcmmccc e

T Y e R EEEEEEE R bt EEEEEEEEEE SO
H1000 | oo Do [ e A

H'0000 h \ M A ! »Time

GRA X H1000 ; X HF000 X H'55AA

GRB ‘X HAA55

Figure13.7 Input Capture Operating Example
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Figure 13.8 shows an example of buffer operation when GRA is set as an input-capture register
and GRC is set as the buffer register for GRA. TRCCNT functions as a free-running counter and
is captured at both rising and falling edges of the FTIOA signal. Due to the buffer operation, the
GRA value is transferred to GRC on an input-capture A and the TRCCNT value is stored in GRA.

TRCCNT
A

L e
HDAQT oo oo e T

H'5480

H0245 |- oo . S e -
H'0000 ‘ s ' »Time

GRA H0245 X  H'5480 X HDA91

S<am ST
i
s

GRC

Figure 13.8 Buffer Operation Example (Input Capture)
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134.2 PWM Mode Operation

In PWM mode, PWM waveforms are generated by using GRA as the cycle register and GRB,
GRC, and GRD as duty cycle registers. PWM waveforms are output from the FTIOB, FTIOC, and
FTIOD pins. Up to three-phase PWM waveforms can be output. In PWM mode, a general register
functions as an output compare register automatically. The output level of each pin depends on the
corresponding timer output level set bit (TOB, TOC, or TOD) in TRCCR1. When the TOB bit is
set to 1, the FTTIOB output goes 1 on compare match A and 0 on compare match B. When the
TOB bit is cleared to 0, the FTIOB output goes 0 on compare match A and 1 on compare match B.
When an output pin is set to PWM mode, the settings in TRCIORO0 and TRCIORI are ignored. If
the same value is set in the cycle register and duty cycle register, output levels are not changed
when a compare match occurs.

Figure 13.9 shows an example of operation in PWM mode. The output signals go 1 (TOB = TOC
=TOD = 1) and TRCCNT is cleared on compare match A, and the output signals go 0 on compare
match B, C,and D .

TRCCNT

Counter cleared by compare match A

Figure13.9 PWM Mode Example (1)

Figure 13.10 shows another example of operation in PWM mode. The output signals go 0 (TOB =
TOC =TOD = 0) and TRCCNT is cleared on compare match A, and the output signals go 1 on
compare match B, C, and D .
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TRCCNT

Counter cleared by compare match A
GRA | e o

GRB  |-ccmmmmmme e
GRC R S AU R~ g I S
GRD I :
H'0000

FTIOB

FTIOD _i I_l |_| L

Figure13.10 PWM Mode Example (2)

Figure 13.11 shows an example of buffer operation when the FTIOB pin is set to PWM mode and
GRD is set as the buffer register for GRB. TRCCNT is cleared on compare match A, and the
FTIOB pin outputs 1 on compare match B and 0 on compare match A.

Due to the buffer operation, the FTIOB output levels are changed and the value of buffer register
GRD is transferred to GRB whenever compare match B occurs. This procedure is repeated every
time compare match B occurs.

TCNT value
GRA

GRB

H'0000

GRD  Ho2000 X | HO0450 ! X | Hos20 PoX

GRB X H'0200 | H'0450 EX 1H'0520

Figure13.11 Buffer Operation Example (Output Compare)
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Figures 13.12 and 13.13 show examples of the output of PWM waveforms with duty cycles of 0%

and 100%.
TRCCNT
A GRB changed
GRA
GRB [ —-—r—- GRB changed
H'0000 5 | L~ : »Time
FTIOB | | Duty cycle 0% | | |
TRCCNT Output levels of FTIOB are not changed when compare
A matches of cycle register and duty cycle register occur
GRB changed simultaneously.
GRA  p-----o-o- Qo g / .
: dl)GRB changed !
GRB |—-— - = T
H'0000 s : > Time
Duty cycle 100%
FTIOB 4 ey 0 |_
Output levels of FTIOB are not changed when compare
TRCCNT matches of cycle register and duty cycle register occur
) simultaneously.
GRB changed O—e—e— _—
GRA [eooooioo- S < < -
I GRB changed |
' C')_
GRB  }—- - GRB changed
H'0000 : . l »Time
| Duty cycle 100% Duty cycle 0%
FTIOB ey ° yovee ™™

Figure13.12 PWM Mode Example
(TOB, TOC, and TOD = 0: Initial Output Set to 0)
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TRCCNT
A GRB changed
GRA
GRB  [—- A GRB changed !
H0000 5 | L : > Time
FTIOB | | Duty cycle 100% | |
TRCCNT Output levels of FTIOB are not changed when compare
A matches of cycle register and duty cycle register occur
GRB changed simultaneously.
GRA |---------- Qo— R RS
1 d')GRB changed !
GRB |—-— - = T
H'0000 s : > Time
| Duty cycle 0% | | |
FTIOB yoee o
Output levels of FTIOB are not changed when compare
TRCCNT . ;
matches of cycle register and duty cycle register occur
A simultaneously.
GRB changed o—-—-— —
GRA |-----o-o-- O - o _!- --
I GRB changed |
' (')_
GRB |}—- - GRB changed
H'0000 : > Time

Duty cycle 0% Duty cycle 100%
FTIOB | yoee o ey °

Figure13.13 PWM Mode Example
(TOB, TOC, and TOD = 1: Initial Output Set to 1)
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1343 PWM2 Mode Operation

In PWM2 mode, waveforms are output on the FTIOB pin when a compare match occurs on GRB
or GRC. GRD functions as a buffer register for GRB by setting the BUFEB bit in TRCMR to 1.
The output level of the FTIOB signal is specified by the TOB bit in TRCCR1. When TOB =0, 1
is output on a compare match of GRC and 0 is output on a compare match of GRB. When TOB =
1, 0 is output on a compare match of GRC and 1 is output on a compare match of GRB.

Table 13.3 shows the correspondence between the pin configuration and GR registers and figure
13.14 is a block diagram of PWM?2 mode.

Figures 13.15 and 13.16 show the GRD and GRB buffer operating timing in PWM2 mode.

In PWM2 mode, the value of GRD is transferred to GRB on a compare match of GRA and the
counter is cleared. Note, however, that the counter is only cleared when the CCLR bit in TRCCRI1
is set to 1. Moreover, when the trigger input is enabled by the TCEG1 and TCEGO bits in
TRCCR2, the value of GRD is transferred to GRB by the trigger signal and the counter is cleared.
The input/output pins of timers which do not operate in PWM2 mode are only used as general I/O
ports.

Table13.3 Pin Configuration in PWM2 Mode and GR Registers

Pin Name  Input/Output Compare Match Register Buffer Register
FTIOA I/0 Port/TRGC Port/TRGC
FTIOB Output GRB GRD

GRC —
FTIOC I/0 Port Port
FTIOD I/O Port Port
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Trigger signal

FTIOA/TRGC O———» Qounter clear Compare match signal
Input signal

control
|TRCCNT I———|Comparator|-—| GRA

Compare match signal

Output

|
control _--IcOmparator |<—| GRB
Compare match signal

FTIOB

|
——|Comparator |<—| GRC |

Figure13.14 Block Diagram in PWM2 Mode

S [ I

TRCCNT L :X H'0000
GRA L :
GRD M ;

\
GRB N X M
Compare I_i
match signal

Figure13.15 GRD and GRB Buffer Operating Timingin PWM2 M ode (1)
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¢ I o i

TRCCNT N X N+ 1 X H'0000
GRA L
GRD M :

GRB N X M
Counter clear
signal by trigger | |

input

Figure13.16 GRD and GRB Buffer Operating Timingin PWM2 Mode (2)

In PWM2 mode, a pulse with a specified pulse width can be output on the FTIOB pin when a
specified delay time has elapsed since the TRGC signal was asserted. An assertion of the TRGC
signal starts counting up. Arbitrary values can be specified for the pulse width and delay time.

Figures 13.17 and 13.18 show these examples in PWM?2 mode. In these examples, the falling edge
of the TRGC input is selected by TRCCR?2 (setting the TCEG1 bit to 1 and clearing the TCEGO
bit to 0), TRCCNT continues counting-up on compare match A of GRA (clearing the CSTP bit in
TRCCR?2 to 0), and GRD is set as the buffer register (setting the BUFEB bit in TRCMR to 1). The
initial value of the output signal is set to either O or 1 by TRCCRI1 (clearing the TOB bit to O or
setting the TOB bit to 1), TRCCNT is cleared on compare match A (setting the CCLR bit in
TRCCRI to 1), and the waveform is output from the FTIOB pin (clearing the PWM2 bit in
TRCMR to 0).

When the TOB bit in TRCCRI1 is cleared to 0 with the PWM?2 mode function, the input edge is
ignored while the FTIOB pin is driven high. Whereas, when the TOB bit is set to 1, the input edge
is ignored while the FTIOB pin is driven low. The transfer from GRD to GRB is carried out on a
compare match of GRA and the TRGC input. However, if the TRGC input is canceled due to the
change of the FTIOB level, the transfer from GRD to GRB is not carried out.
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The value of TRCCNT

FTIOA/TRGC

FTIOB
(Output transformation
when TOB = 0)

FTIOB
(Output transformation
when TOB = 1)

When TOB = 0, the trigger input is ignored

while the FTIOB pin is driven high, whereas
when TOB = 1, the trigger input is ignored
while the FTIOB pin is driven low

.

aro A X B

N
C X D

GRB A X B

Figure13.17 Example (1) of TRGC Synchronous Operation in PWM2 Mode

The value of TRCCNT

HFFFF F-r-q----9-------r-7-----————r--r-r----q-------r---
[ | [ | [ | |

GRA

GRB

GRC
H'0000

CTS

L

|
1
|
I
' ! Data written from
High
= 2= the CPU to GRD

FTIOA/TRGC

FTIOB

(Output transformation
when TOB = 0)

FTIOB
(Output transformation
when TOB = 1)

GRD A

]
1
|
|
|
|
T
|
|
|
|
|
]
|
|
T
|
: 3
GRB A X B X A A Data copied from

GRD to GRB

Figure 13.18 Example (2) of TRGC Synchronous Operation in PWM2 M ode

The following is an example of stopping operation of the counter in PWM2 mode. When the
CSTP bit in TRCCR?2 is set to 1 and the CCLR bit in TRCCR1 is set to 1, TRCCNT is cleared to
H'0000 on a compare match of GRA and stops counting. Moreover, TRCCNT is forcibly stopped
counting and cleared to the initial value when the CTS bit in TRCMR is cleared to 0. Figure 13.19
shows such an example when the TOB bit in TRCCR1 is cleared to 0 and set to 1.
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The value of TRCCNT

HFFFF F-r-7-——-—q-—————- T mmmmm -
I I I | I I I
GRA |-t-t-———A-—————— e e e
I I I I I
I I I I I I
I I I I I I
GRB }F—-4+—-dee 2 g
I I I I I !
I I I I I I
GRC | _L_2 o} %I ___________________
H'0000 e . —— . > Time
1 1 1 1 1 1
cTs [ i L
1 1 ) 1
FTIOATRGC ! ! High !
I I I

.

FTIOB
(Output transformation
when TOB = 0)

I
FTIOB
(Output transformation

when TOB = 1)

C

Figure13.19 Example of Stopping Operation of the Counter in PWM2 Mode

The following is an example of output operation of the one-shot pulse waveform in PWM?2 mode.
When the TRGC input is disabled by TRCCR2 (clearing the TCEG1 and TCEGO bits to 0),
TRCCNT is set to counting-up on compare match A of GRA (setting the CSTP bit in TRCCR2 to
1), TRCCNT is cleared on compare match A (setting the CCLR bit in TRCCRI1 to 1), and the
initial value of the output signal is set to 0 by TRCCRI1 (clearing the TOB bit to 0), TRCCNT
starts counting when the CTS bit in TRCMR is set to 1. Then, TRCCNT is cleared to H'0000 on a
compare match of GRA and stops counting, and the one-shot pulse waveform is output. Figure
13.20 shows such an example.

The value of TRCCNT

FTIOA/TRGC

FTIOB

Figure13.20 Example (1) of Output Operation of One-Shot Pulse Waveform
in PWM2 Mode
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The following is an example of operation when TRCCNT starts counting by the TRGC input and
the one-shot pulse waveform is output in PWM?2 mode. When the falling edge of the TRGC input
is selected by TRCCR?2 (setting the TCEGI bit to 1 and clearing the TCEGO bit to 0), TRCCNT is
set to counting-up on compare match A of GRA (setting the CSTP bit in TRCCR2 to 1), TRCCNT
is cleared on compare match A (setting the CCLR bit in TRCCRI1 to 1), and the initial value of the
output signal is set to 0 by TRCCRI1 (clearing the TOB bit to 0), TRCCNT starts counting at the
falling edge of FTIOA/TRGC after the CTS bit in TRCMR has been set to 1. Then, TRCCNT is
cleared to H'0000 on a compare match of GRA and stops counting, and the one-shot pulse
waveform is output. Figure 13.21 shows such an example.

The value of TRCCNT

HFFFF fF-r---r-r-—--r------ T
| R |

GRA | —p———f—p————pm———m g
| [ |
| [ |

T O s
I I I I

GRC | ___ | ¥~
H'0000 t L— t
| [ |
T T T
CTS [ 1
_I I I I

[ I High

FTIOA/TRGC | |
oo
| |

FTIOB | |

Figure13.21 Example (2) of Output Operation of One-Shot Pulse Waveform
in PWM2 Mode
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13.4.4 Digital Filtering Function for Input Capture Inputs

Input signals on the FTIOA to FIOD and TRGC pin can be input via the digital filters. The digital
filter includes three latches connected in series and a matching detecting circuit. The latches
operate on the sampling clock specified by bits DFCK1 and DFCKO in TRCDF and stores an
input signal on the FTIOA to FTIOD pins or TRGC pin. When outputs of the three latches match,
the matching detecting circuit outputs the signal level of the input. Otherwise, the output remains
unchanged. That is, when a pulse width is equal to or greater than three sampling clock cycles, the
pulse is input as a signal. When a pulse width is less than three sampling clock cycles, the pulse is
considered as a noise to be removed.

CKS2 to DFCK1 and
CKS0 DFCK2
($40M —>1 /32—
6/32 —»] I —
FTCl—] [o——
o8 __,
b
¢¢_, Samaling dlock DFTRG and IOA1, 10AO,
ampling clocl DFA to DFD 10D1, and IODO
— ‘ l
FTIOA to FTIOD C C C C Matching Edge
and TRGC D QD Q D Q D Q [—» detecting [—> Selecter [—> detecting [—>
input signals Latch Latch Latch Latch circuit circuit
‘ ¢, p40M ’_»
C
D Q
Latch

Cycle of a clock specified
by CKS2 to CKSO
or DFCK1 and DFCKO

Samplng clock _FC‘W_FLH_H_H_H_IMW_H_H_H_H

FTIOA to FTIOD H , . H H H 1 1
or TRGC _,—'—'—| ! R ]
input signal ' ' ' '

Digital-filtered signal N N ‘ |

Signal propagation delay:
5 sampling clocks
Signal change is not output unless
signal levels match three times.

Figure 13.22 Block Diagram of Digital Filter
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13.5 Operation Timing

1351 TRCCNT Counting Timing

Figure 13.23 shows the TRCCNT count timing when the internal clock source is selected. Figure
13.24 shows the timing when the external clock source is selected.

¢ IS RE RSN RS-

Internal clock

Rising edge
TRCCNT input | | |
clock
TRCCNT N ) N+ 1 ) N+2

Figure 13.23 Count Timing for Internal Clock Source

o
External clock Rising edge Rising edge
TRCCNT
input clock
TRCCNT N X N+1 X N+2

Figure13.24 Count Timingfor External Clock Source

Rev. 1.50 Sep. 18,2007 Page 254 of 584
REJ09B0240-0150 RENESAS



Section 13 Timer RC

13.5.2  Output Compare Output Timing

The compare match signal is generated in the last state in which TRCCNT and GR match (when
TRCCNT changes from the matching value to the next value). When the compare match signal is
generated, the output value selected in TRCIOR is output on the compare match output pin
(FTIOA, FTIOB, FTIOC, or FTIOD).

When TRCCNT matches GR, the compare match signal is generated only after the next counter
clock pulse is input.

Figure 13.25 shows the output compare timing.

0 ST LML e
TCNT input | |
clock

TRCCNT N L N+t
GRA to GRD N

Compare | |

match signal

FTIOA to FTIOD X

Figure 13.25 Output Compare Output Timing
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13.5.3 Input Capture Timing

Input capture on the rising edge, falling edge, or both edges can be selected through settings in
TRCIORO and TRCIORI1. Figure 13.26 shows the timing when the falling edge is selected.

; T
Input capture —l I—
input

Input capture | |
signal

TRCCNT x N-1 X N X N+1 X N+2 X

GRA to GRD I ~

Figure 13.26 Input Capturelnput Signal Timing

1354 Timing of Counter Clearing by Compare Match

Figure 13.27 shows the timing when the counter is cleared by compare match A. When the GRA
value is N, the counter counts from O to N, and its cycle is N + 1.

0 JLU L L e
Compare I_l

match signal
TRCCNT N X H'0000
GRA N

Figure13.27 Timing of Counter Clearing by Compare Match
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1355 Buffer Operation Timing

Figures 13.28 and 13.29 show the buffer operation timing.

(2 U I O
Compare | |

match signal

TRCCNT N X N+1
GRC, J

GRD M :

GRA, :X

GRB M

Figure13.28 Buffer Operation Timing (Compare Match)

o UL
capture ] ]

signal

TRCCNT N L N+

GRA,

GRB N+1

GRC,
GRD

>-<',7/'$-<7/ -

Figure13.29 Buffer Operation Timing (Input Capture)
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135.6 Timingof IMFA to IMFD Flag Setting at Compare Match

If a general register (GRA, GRB, GRC, or GRD) is used as an output compare register, the
corresponding IMFA, IMFB, IMFC, or IMFD flag is set to 1 when TRCCNT matches the general
register.

The compare match signal is generated in the last state in which the values match (when TRCCNT
is updated from the matching count to the next count). Therefore, when TRCCNT matches a
general register, the compare match signal is generated only after the next TRCCNT clock pulse is
input.

Figure 13.30 shows the timing of the IMFA to IMFD flag setting at compare match.

TRCCNT input | |
clock

TRCCNT N X N+1

GRA to GRD N

Compare | |
match signal

IMFA to IMFD |

IRRTRC |

Figure13.30 Timingof IMFA to IMFD Flag Setting at Compare Match
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13.5.7 Timingof IMFA to IMFD Setting at Input Capture

If a general register (GRA, GRB, GRC, or GRD) is used as an input capture register, the
corresponding IMFA, IMFB, IMFC, or IMFD flag is set to 1 when an input capture occurs. Figure
13.31 shows the timing of the IMFA to IMFD flag setting at input capture.

T L L e
Input
capture | |

signal

TRCCNT N

GRA to GRD X N

IMFA to IMFD |

IRRTRC |

Figure13.31 Timingof IMFA to IMFD Flag Setting at I nput Capture

Rev. 1.50 Sep. 18,2007 Page 259 of 584
RENESAS REJ09B0240-0150




Section 13 Timer RC

13.5.8 Timing of StatusFlag Clearing

When the CPU reads a status flag while it is set to 1, then writes O in the status flag, the status flag
is cleared. Figure 13.32 shows the status flag clearing timing.

TRCSR write cycle

.M, T2 |, T3 |, T4 |
I T I T 1
¢ UL
Address X TRCSR address X
Write signal | |
IMFA to IMFD |

IRRTRC |

Figure13.32 Timing of Status Flag Clearing by CPU
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13.6  Usage Notes

The following types of contention or operation can occur in timer RC operation.

1.

The pulse width of the input clock signal and the input capture signal must be at least three
system clock (¢) cycles when the CKS2 to CKSO bits in TRCCR1 = B'0XX or B'10X, and at
least three on-chip oscillator clock ($¢40M) cycles for B'110; shorter pulses will not be detected
correctly.

Writing to registers is performed in the T4 state of a TRCCNT write cycle.

If counter clear signal occurs in the T4 state of a TRCCNT write cycle, clearing of the counter
takes priority and the write is not performed, as shown in figure 13.33. If counting-up is
generated in the TRCCNT write cycle to contend with the TRCCNT counting-up, writing
takes precedence.

TRCCNT may erroneously count up when switching internal clocks. TRCCNT counts the
rising edge of the divided system clock (¢) when the internal clock is selected. If clocks are
switched as shown in figure 13.34, the change from the low level of the previous clock to the
high level of the new clock is considered as the rising edge. In this case, TRCCNT counts up
erroneously.

If timer RC enters the module standby mode while an interrupt is being requested, the interrupt
request cannot be cleared. Before entering the module standby mode, disable interrupt
requests.

TRCCNT write cycle
T1 T2 T3 T4

/ UL

Address X TCNT address

A
Write signal | I
[ 1

Counter clear
signal

TRCCNT N ) H'0000

Figure 13.33 Contention between TRCCNT Write and Clear
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Previous clock —l | | | | | | | |_

New clock E

Counter clock |_| |-| @ |_|
A

TRCCNT N o f N+t f As2 ) Ne3 )

Erroneous rising edge may occur depending on the timing
of changing bits CKS2 to CKSO0. In this case, TRCCNT
counts up.

Figure13.34 Internal Clock Switchingand TRCCNT Operation

5. The TOA to TOD bits in TRCCRI1 decide the value of the FTIO pin, which is output until the
first compare match occurs. Once a compare match occurs and this compare match changes the
values of FTIOA to FTIOD output, the values of the FTIOA to FTIOD pin output and the
values read from the TOA to TOD bits may differ. Moreover, when the writing to TRCCR1
and the generation of the compare match A to D occur at the same timing, the writing to
TRCCRI has the priority. Thus, output change due to the compare match is not reflected to the
FTIOA to FTIOD pins. Therefore, when bit manipulation instruction is used to write to
TRCCRUI, the values of the FTIOA to FTIOD pin output may result in an unexpected result.
When TRCCRI is to be written to while compare match is operating, stop the counter once
before accessing to TRCCRI1, read the port 8 state to reflect the values of FTIOA to FTIOD
output, to TOA to TOD, and then restart the counter. Figure 13.35 shows an example when the
compare match and the bit manipulation instruction to TRCCR1 occur at the same timing.
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TRCCRT1 has been set to H'06. Compare match B and compare match C are used. The FTIOB pin output 1,
and is set to the toggle output or the 0 output on compare match B.

When the TOC bit is cleared (the FTIOC signal is low) by execution of BCLR #2,@ TRCCR1 and compare
match B occurs at the same timing as shown below, writing H'02 to TRCCR has priority and the FTIOB
signal is not driven low on compare match B; the FTIOB signal remains high.

Bit 7 6 5 4 3 2 1 0
TRCCR1 CCLR CKS2 CKS1 CKS0 TOD TOC TOB TOA
Setting 0 0 0 0 0 1 1 0

BCLR #2,@ TRCCR1

(1) TRCCRH1 is read as H'06.

(2) TRCCR1 is modified from H'06 to H'02.
(3) H'02 is written to TRCCR1.

: T e e
TRCCR1 q
write signal
Compare match B q
signal
FTIOB pin :
\4: Remains high because the writing 1 to TOB has priority
R L L LR Expected
output

Figure13.35 When Compare Match and Bit Manipulation Instruction to TRCCR1
Occur at the Same Timing

Rev. 1.50 Sep. 18, 2007 Page 263 of 584
RENESAS REJ09B0240-0150




Section 13 Timer RC

Rev. 1.50 Sep. 18, 2007 Page 264 of 584
REJ09B0240-0150 RENESAS



Section 14 Timer RD

Section 14 Timer RD

This LSI has two units of 16-bit timers (timer RD_0 and timer RD_1), each of which has two
channels. Table 14.1 lists the timer RD functions, table 14.2 lists the channel configuration of
timer RD, and figure 14.1 is a block diagram of the entire timer RD. Block diagrams of channels 1
and 2 are shown in figures 14.2 and 14.3.

Timer RD_1 has the same functions as timer RD_0. Therefore, the unit number (_0 or _1) is not
explicitly mentioned in this section unless otherwise noted.

14.1 Features

e Capability to process up to eight inputs/outputs 0
e Fight general registers (GR): four registers for each channel
— Independently assignable output compare or input capture functions

o Selection of seven counter clock sources: six internal clocks (¢, ¢/2, ¢/4, ¢/8, ¢/32, and $40M
which is a 40-MHz/32-MHz clock derived from the on-chip oscillator) and an external clock

e Seven selectable operating modes

— Timer mode
Output compare function (Selection of O output, 1 output, or toggle output)
Input capture function (Rising edge, falling edge, or both edges)

— Synchronous operation
Timer counters_0 and _1 (TRDCNT_0 and TRDCNT_1) can be written simultaneously.
Simultaneous clearing by compare match or input capture is possible.

— PWM mode
Up to six-phase PWM output can be provided with desired duty ratio.

— PWM3 mode
One-phase PWM output for non-overlapped normal and counter phases

— Reset synchronous PWM mode
Three-phase PWM output for normal and counter phases

— Complementary PWM mode
Three-phase PWM output for non-overlapped normal and counter phases
The A/D conversion start trigger can be set for PWM cycles.

— Buffer operation
The input capture register can be consisted of double buffers.

The output compare register can automatically be modified.
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e High-speed access by the internal 16-bit bus
— 16-bit TRDCNT and GR registers can be accessed in high speed by a 16-bit bus interface
e Any initial timer output value can be set
e Output of the timer is disabled by external trigger
o FEleven interrupt sources

— Four compare match/input capture interrupts and an overflow interrupt are available for
each channel. An underflow interrupt can be set for channel 1.
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Table14.1 Timer RD Functions

Item

Channel 0

Channel 1

Count clock

Internal clocks: ¢, /2, ¢/4, ¢/8, $/32, p40M

External clock: FTIOAO (TCLK)

General registers
(output compare/input
capture registers)

GRA_0, GRB_0, GRC_0, GRD_0 GRA_1, GRB_1, GRC_1, GRD_1

Buffer register GRC_0, GRD_0 GRC_1, GRD_1
1/0 pins FTIOAOQ, FTIOBO, FTIOCO, FTIOA1, FTIOB1, FTIOCH1,
FTIODO FTIOD1

Counter clearing function

Compare match/input capture of
GRA_0, GRB_0, GRC_0, or
GRD_0

Compare match/input capture of
GRA_1, GRB_1, GRC_1, or
GRD_1

Compare Ooutput Yes Yes
match output 1 output Yes Yes
output Yes Yes
Input capture function Yes Yes
Synchronous operation Yes Yes
PWM mode Yes Yes
PWM3 mode Yes Yes
Reset synchronous PWM  Yes Yes
mode
Complementary PWM Yes Yes
mode
Buffer function Yes Yes

Interrupt sources

Compare match/
input capture A0 to DO
Overflow

Compare match/
input capture A1 to D1
Overflow

Underflow

RENESAS
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Table14.2 Channel Configuration of Timer RD

Unit Channel

Pin

Timer RD_0 0

FTIOAO

FTIOBO

FTIOCO

FTIODO

FTIOA1

FTIOB1

FTIOCH

FTIOD1

Shared by channels 0 and 1

TRDOI_0

Timer RD_1 2

FTIOA2

FTIOB2

FTIOC2

FTIOD2

FTIOA3

FTIOB3

FTIOC3

FTIOD3

Shared by channels 2 and 3

TRDOI_1
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— ITMRDO
— ITMRD1

— ADTRG

TRDOI —»
FTIOAO <—>
FTIOBO —~-—>
FTIOCO —~—
FTIODO >
FTIOA Control logic
FTIOB1 <>
FTIOC1 —<—|
FTIOD1 ~<—>
¢, 02, T
/4, $/8, ——
$/32, $40M O O
TRDSTR | TRDMDR | TRDOER2
Channel 0 Channel 1 TRDPMR | TRDFCR
timer timer
TRDOER1 | TRDOCR
Module data bus
[Legend]
TRDSTR:  Timer RD start register (8 bits)
TRDMDR: Timer RD mode register (8 bits)
TRDPMR: Timer RD PWM mode register (8 bits)
TRDFCR:  Timer RD function control register (8 bits)
TRDOERT1: Timer RD output master enable register 1 (8 bits)
TRDOER2: Timer RD output master enable register 2 (8 bits)
TRDOCR: Timer RD output control register (8 bits)
ADTRG: A/D conversion start trigger output signal
ITMRDO: Channel 0 interrupt
ITMRD1: Channel 1 interrupt

Figure14.1 Timer RD Block Diagram
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o 92, T
o/4, o8, —
/32, $p40M

<«—» FTIOAQ

<«—» FTIOBO
<«—» FTIOCO
<«—» FTIODO

- ITMRDO

'<—— TRDOI_O

Clock select
Control logic
Comparator
2 o o o o S :I 8‘ S Sle S
= o |
gl 2] Qe IS|I51(5]18]]=]ls5]]3
ot o i o o a = = o a 3 a
gllofloflol|o]lcl (2121 ]|s]]|£2]|
= ~ T T = = ~
Module data bus
[Legend]

TRDCNT_O: Timer RD counter_0 (16 bits)

GRA_0, GRB_0, General registers A_0, B_0, C_0, and D_0

GRC_0, GRD_0: (input capture/output compare registers: 16 bits x 4)
TRDCR_O0: Timer RD control register_0 (8 bits)

TRDIORA_O: Timer RD 1/O control register A_0 (8 bits)
TRDIORC_0: Timer RD /O control register C_0 (8 bits)

TRDSR_0: Timer RD status register_0 (8 bits)

TRDIER_O: Timer RD interrupt enable register_0 (8 bits)

POCR_0: PWM mode output level control register_0 (8 bits)
TRDDF_0: Timer RD digital filtering function select register_0 (8 bits)
ITMRDO: Channel 0 interrupt

Figure14.2 Timer RD (Channel 0) Block Diagram
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<« FTIOA1
<« FTIOB1
i/f/i/s ¥ | Clock select <«—> FTIOCH
¥ <«—» FTIOD1
9/32, $40M Control logic ITM(;D1
Comparator TRDOI 1
:' - 1=11-1|- ;I ;' S' 7 ;\ |0
5 ||| |2 ]]|E 5115 & || Sllae
a [ o i c A = = o alla [a)
gllof|loflollollc| |21l l=]|2]]|E
= = T P_: = = =
< Module data bus >
[Legend]
TRDCNT_1 Timer RD counter_1 (16 bits)

GRA_1, GRB_1, General registers A_1,B_1,C_1, and D_1
GRC_1, GRD_1: (input capture/output compare registers: 16 bits x 4)

TRDCR_1:
TRDIORA_1:
TRDIORC_1:
TRDSR_1:
TRDIER_1:
POCR_1:
TRDDF_1:
ITMRD1:

Timer RD control register_1 (8 bits)
Timer RD 1/O control register A_1 (8 bits)
Timer RD 1/O control register C_1 (8 bits)
Timer RD status register_1 (8 bits)
Timer RD interrupt enable register_1 (8 bits)

PWM mode output level control register_1 (8 bits)

Timer RD digital filtering function select register_1 (8 bits)
Channel 1 interrupt

Figure14.3 Timer RD (Channel 1) Block Diagram
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14.2

I nput/Output Pins

Table 14.3 summarizes the timer RD pins.

Table14.3 Pin Configuration

Name Abbreviation Input/Output  Function

Input capture/ FTIOAO Input/output GRA_0 output compare output, GRA_0

output compare AO input capture input, or external clock
input (TCLK)

Input capture/ FTIOBO Input/output GRB_0 output compare output, GRB_0

output compare BO input capture input, or PWM output

Input capture/ FTIOCO Input/output GRC_0 output compare output, GRC_0

output compare CO input capture input, or PWM
synchronous output (in reset
synchronous PWM and complementary
PWM modes)

Input capture/ FTIODO Input/output GRD_0 output compare output, GRD_0

output compare DO input capture input, or PWM output

Input capture/ FTIOA1 Input/output GRA_1 output compare output, GRA_1

output compare A1 input capture input, or PWM output (in
reset synchronous PWM and
complementary PWM modes)

Input capture/ FTIOB1 Input/output GRB_1 output compare output, GRB_1

output compare B1 input capture input, or PWM output

Input capture/ FTIOC1 Input/output GRC_1 output compare output, GRC_1

output compare C1 input capture input, or PWM output

Input capture/ FTIOD1 Input/output GRD_1 output compare output, GRD_1

output compare D1 input capture input, or PWM output

Timer output control TRDOI Input Input pin for timer output disabling
signal
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14.3 Register Descriptions
Timer RD has the following registers.

Common

e Timer RD start register (TRDSTR)

e Timer RD mode register (TRDMDR)

e Timer RD PWM mode register (TRDPMR)

e Timer RD function control register (TRDFCR)

e Timer RD output master enable register 1 (TRDOER1)
e Timer RD output master enable register 2 (TRDOER2)
e Timer RD output control register (TRDOCR)

Channel 0

e Timer RD control register_0 (TRDCR_0)

e Timer RD I/O control register A_0 (TRDIORA_0)

e Timer RD I/O control register C_0 (TRDIORC_0)

e Timer RD status register_0 (TRDSR_0)

e Timer RD interrupt enable register_0 (TRDIER_0)

e PWM mode output level control register_0 (POCR_0)
e Timer RD digital filtering function select register_0 (TRDDF_0)
e Timer RD counter_0 (TRDCNT_0)

o General register A_0 (GRA_0)

e General register B_0 (GRB_0)

e General register C_0 (GRC_0)

e General register D_0 (GRD_0)

Channel 1

e Timer RD control register_1 (TRDCR_1)

e Timer RD I/O control register A_1 (TRDIORA_1)

e Timer RD I/O control register C_1 (TRDIORC_1)

e Timer RD status register_1 (TRDSR_1)

e Timer RD interrupt enable register_1 (TRDIER_1)

e PWM mode output level control register_1 (POCR_1)

e Timer RD digital filtering function select register_1 (TRDDF_1)
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e Timer RD counter_1 (TRDCNT_1)
e General register A_1 (GRA_1)
e General register B_1 (GRB_1)
e General register C_1 (GRC_1)
e General register D_1 (GRD_1)

1431 Timer RD Start Register (TRDSTR)

TRDSTR selects the operation/stop for the TRDCNT counter. Use a MOV instruction to modify
this register.

Initial
Bit Bit Name Value R/W Description
7104 — All 1 — Reserved
These bits are always read as 1, and cannot be
modified.
3 CSTPN1 1 R/W Channel 1 Counter Stop

0: Counting is stopped on a compare match of
TRDCNT_1 and GRA_1

1: Counting is continued on a compare match of
TRDCNT_1 and GRA_1

Set this bit to 1 to restart counting after the counting has
been stopped on a compare match.

2 CSTPNO 1 R/W Channel 0 Counter Stop

0: Counting is stopped on a compare match of
TRDCNT_0 and GRA_O

1: Counting is continued on a compare match of
TRDCNT_0 and GRA_O

Set this bit to 1 to restart counting after the counting has
been stopped on a compare match.

Rev. 1.50 Sep. 18,2007 Page 274 of 584
REJ09B0240-0150 RENESAS



Section 14 Timer RD

Initial
Bit Bit Name Value R/W Description
1 STR1 0 R/W Channel 1 Counter Start

TRDCNT_1 stops counting when this bit is 0, while it
performs counting when this bit is 1.

[Setting condition]

e When 1 is written in STR1

[Clearing conditions]

e When 0 is written in STR1 while CSTPN1 = 1

o When the compare match A1 signal is generated
while CSTPN1 =0

0 STRO 0 R/W Channel 0 Counter Start

TRDCNT_O stops counting when this bit is 0, while it
performs counting when this bit is 1.

[Setting condition]

e When 1 is written in STRO

[Clearing conditions]

e When 0 is written in STRO while CSTPNO = 1

¢ When the compare match AO signal is generated
while CSTPNO = 0
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Figures 14.4 and 14.5 show examples of stopping operation of the counter in PWM3 mode, when
the CCLR2 to CCLRO bits in TRDCR are set to clear TRDCNT_0 on GRA_0 compare match. For
details on PWM3 mode, refer to section 14.4.8, PWM3 Mode Operation.

The value of TRDCNT Counter cleared by GRA_0 compare match
HFFFF
GRA_O

GRA_1
GRB_0

GRB_1
H'0000

Ll
|
|
FTIOAO _|I
T
1
|
1

| [ |
| : :
FTIOBO | I : ! I I |

STRO l

CSTPNO I

Set to 1 by writing from the CPU Cleared to 0 by GRA_O compare match

Figure14.4 Example (1) of Stopping Operation of the Counter (in PWM 3 Mode)

The value of TRDCNT Counter cleared by GRA_0 compare match

HFFFF
GRA_0

GRA_1
GRB_0

GRB_1
H'0000

) t + t

[ ! |
FTIOAO _I ! ! !

i ! 1

|

|

STRO
High

CSTPNO

Set to 1 by writing from the CPU Cleared to 0 by writing from the CPU

Figure14.5 Example (2) of Stopping Operation of the Counter (in PWM 3 Mode)
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Figure 14.6 shows an example of starting and stopping operations of counters in PWM3 mode,
when TRDCNT_O is set to be cleared and stopped on GRA_0 compare match (CCLR2 to CCLRO
=001, CSTPNTO = 0) and TRDCNT _1 is used as a free-running counter. When TRDCNT_1
starts counting by setting the STR1 bit to 1 after TRDCNT _0 has started counting by setting the
STRO bit to 1, set 0 in the STRO bit and 1 in the STR1 bit by using a MOV instruction. If the bit
manipulation instruction is used to set 1 in the STR1 bit, there is a possibility that the STRO bit is
set to 1 after the counting has stopped on GRA_0 compare match, and that TRDCNT_O starts
counting again.

Counter cleared by GRA_0
compare match

The value of TRDCNT TRDCNT_0

TRDCNT_1

HFFFF
GRA_0

GRA_1
GRB_0

GRB_1
H'0000

FTIOAO

1 0 written in STRO by the CPU

I
CSTPNO Low |is not reflected

|

STR1

|

. |

High

CSTPN1 ;

T

0 is written in STRO, 1 in STR1, 0 in CSTPNO,
and 1in CSTPN1 by the CPU

Figure14.6 Example of Starting and Stopping Oper ations of Counters (in PWM 3 M ode)
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14.3.2

Timer RD Mode Register (TRDMDR)

TRDMDR selects buffer operation settings and synchronized operation.

Bit

Bit Name

Initial
Value

R/W

Description

BFD1

0

R/W

Buffer Operation D1
0: GRD_1 operates normally

1: GRB_1 and GRD_1 are used together for buffer
operation

BFC1

R/W

Buffer Operation C1
0: GRC_1 operates normally

1: GRA_1 and GRD_1 are used together for buffer
operation

BFDO

R/W

Buffer Operation DO
0: GRD_0 operates normally

1: GRB_0 and GRD_0 are used together for buffer
operation

BFCO

R/W

Buffer Operation CO
0: GRC_0 operates normally

1: GRA_0 and GRC_0 are used together for buffer
operation

3to1

All1

Reserved

These bits are always read as 1, and cannot be
modified.

SYNC

R/W

Timer Synchronization

0: TRDCNT_1 and TRDCNT_O operate as independent
timer counters

1: TRDCNT_1 and TRDCNT_O operate synchronously

TRDCNT_1 and TRDCNT_O can be pre-set or
cleared synchronously
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1433 Timer RD PWM Mode Register (TRDPMR)

TRDPMR sets the pin to enter PWM mode.

Bit Bit Name

Initial
Value

R/W

Description

7 —

1

Reserved
This bit is always read as 1, and cannot be modified.

6 PWMDH1

R/W

PWM Mode D1
0: FTIOD1 operates normally
1: FTIOD1 operates in PWM mode

5 PWMCH1

R/W

PWM Mode C1
0: FTIOC1 operates normally
1: FTIOC1 operates in PWM mode

4 PWMB1

R/W

PWM Mode B1
0: FTIOB1 operates normally
1: FTIOB1 operates in PWM mode

Reserved
This bit is always read as 1, and cannot be modified.

2 PWMDO

R/W

PWM Mode DO
0: FTIODO operates normally
1: FTIODO operates in PWM mode

1 PWMCO

R/W

PWM Mode CO
0: FTIOCO operates normally
1: FTIOCO operates in PWM mode

0 PWMBO

R/W

PWM Mode B0
0: FTIOBO operates normally
1: FTIOBO operates in PWM mode
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1434 Timer RD Function Control Register (TRDFCR)

TFCR selects the settings and output levels for each operating mode.

Bit Bit Name

Initial
Value

R/W

Description

7 PWM3

1

R/W

PWMS3 Mode Select

Selects the PWM3 mode.

0: PWMB3 mode is selected

1: PWM3 mode is not selected

This bit is valid when both bits CMD1 and CMDO are
cleared to 0. When PWMS3 mode is selected, TRDPMR,
TRDIORA, and TRDIORC are invalid.

6 STCLK

R/W

External Clock Input Select
0: External clock input is disabled
1: External clock input is enabled

5 ADEG

R/W

A/D Trigger Edge Select

The A/D converter registers should be set so that A/D
conversion is started by an external trigger.

0: The A/D trigger signal is asserted when TRDCNT_O
matches GRA_O in complementary PWM mode

1: The A/D trigger signal is asserted when TRDCNT_1
underflows in complementary PWM mode

4 ADTRG

R/W

External Trigger Disable

0: A/D trigger for PWM cycles is disabled in
complementary PWM mode

1: A/D trigger for PWM cycles is enabled in
complementary PWM mode

3 OLS1

R/W

Output Level Select 1

Selects the counter-phase output levels in reset
synchronous PWM mode or complementary PWM
mode.

0: Initial output is high and the active level is low.
1: Initial output is low and the active level is high.
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Bit

Bit Name

Initial
Value

R/W

Description

2

OLSOo

0

R/W

Output Level Select 0

Selects the normal-phase output levels in reset
synchronous PWM mode or complementary PWM
mode.

0: Initial output is high and the active level is low.
1: Initial output is low and the active level is high.

Figure 14.7 shows an example of outputs in reset
synchronous PWM mode and complementary PWM
mode when OLS1 = 0 and OLSO0 = 0.

CMDA1
CMDO

0
0

R/W
R/W

Combination Mode 1 and 0
00: Channel 0 and channel 1 operate normally

01: Channel 0 and channel 1 are used together to
operate in reset synchronous PWM mode

10: Channel 0 and channel 1 are used together to
operate in complementary PWM mode (transferred
when TRDCNT_0 matches GRA_0)

11: Channel 0 and channel 1 are used together to
operate in complementary PWM mode (transferred
when TRDCNT_1 underflows)

Note: When the reset synchronous PWM mode or
complementary PWM mode is selected by these
bits, this setting has the priority to the settings for
PWM mode by each bit in TRDPMR. Stop
TRDCNT_0 and TRDCNT_1 before making
settings for reset synchronous PWM mode or
complementary PWM mode.
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TRDCNT_0
/TRDCNTJ

; T
Normal Normal : E Active level
phase Active level phase E v
Counter — Counter Iniiialt : I '
I | output | -
phase | output | phase Active level
'<«—>| Active level

Reset synchronous PWM mode Complementary PWM mode

Note: Write H'00 to TOCR to start initial outputs after stopping the counter.
Figure14.7 Example of Outputsin Reset Synchronous PWM Mode
and Complementary PWM Mode
1435 Timer RD Output Master Enable Register 1 (TRDOER1)

TRDOERI1 enables/disables the outputs for channel 0 and channel 1. When TRDOI is selected for
inputs, if a low level signal is input to TRDOI, the bits in TRDOERI are set to 1 to disable the
output for timer RD.

Initial
Bit Bit Name Value R/W Description
7 ED1 1 R/W Master Enable D1
0: FTIOD1 pin output is enabled according to the
TRDPMR, TRDFCR, and TRDIORC_1 settings
1: FTIOD1 pin output is disabled regardless of the
TRDMR, TRDFCR, and TRDIORC_1 settings
(FTIOD1 pin is operated as an 1/O port).
6 EC1 1 R/W Master Enable C1

0: FTIOC1 pin output is enabled according to the
TRDPMR, TRDFCR, and TRDIORC_1 settings

1: FTIOC1 pin output is disabled regardless of the
TRDPMR, TRDFCR, and TRDIORC_1 settings
(FTIOCH1 pin is operated as an 1/O port).
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Bit

Bit Name

Initial
Value R/W

Description

EB1

1 R/W

Master Enable B1

0: FTIOB1 pin output is enabled according to the
TRDPMR, TRDFCR, and TRDIORA_1 settings

1: FTIOB1 pin output is disabled regardless of the
TRDPMR, TRDFCR, and TRDIORA_1 settings
(FTIOBH1 pin is operated as an I/O port).

EA1

Master Enable A1

0: FTIOA1 pin output is enabled according to the
TRDPMR, TRDFCR, and TRDIORA_1 settings

1: FTIOA1 pin output is disabled regardless of the
TRDPMR, TRDFCR, and TRDIORA_1 settings
(FTIOA1 pin is operated as an I/O port).

EDO

Master Enable DO

0: FTIODO pin output is enabled according to the
TRDPMR, TRDFCR, and TRDIORC_O0 settings

1: FTIODO pin output is disabled regardless of the
TRDPMR, TRDFCR, and TRDIORC_0 settings
(FTIODO pin is operated as an 1/O port).

ECO

Master Enable CO

0: FTIOCO pin output is enabled according to the
TRDPMR, TRDFCR, and TRDIORC_O0 settings

1: FTIOCO pin output is disabled regardless of the
TRDPMR, TRDFCR, and TRDIORC_0 settings
(FTIOCO pin is operated as an 1/O port).

EBO

Master Enable BO

0: FTIOBO pin output is enabled according to the
TRDPMR, TRDFCR, and TRDIORA_O settings

1: FTIOBO pin output is disabled regardless of the
TRDPMR, TRDFCR, and TRDIORA_O settings
(FTIOBO pin is operated as an I/O port).

EAO

Master Enable AO

0: FTIOAO pin output is enabled according to the
TRDPMR, TRDFCR, and TRDIORA_O settings

1: FTIOAO pin output is disabled regardless of the
TRDPMR, TRDFCR, and TRDIORA_O settings
(FTIOAO pin is operated as an I/O port).
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1436 Timer RD Output Master Enable Register 2 (TRDOER?2)

TRDOER?2 selects the output disabled mode for channels 0 and 1.

Initial
Bit Bit Name Value R/W Description
7 PTO 0 R/W Timer Output Disabled Mode

0: The corresponding bit in TRDOERT1 is not set to 1
when the low level is input to the TRDOI pin

1: The corresponding bit in TRDOERT1 is set to 1 when
the low level is input to the TRDOI pin

6100 — All 1 — Reserved
These bits are always read as 1.

14.3.7 Timer RD Output Control Register (TRDOCR)

TRDOCR selects the initial outputs before the first occurrence of a compare match. Note that bits
OLSI1 and OLSO in TRDFCR set these initial outputs in reset synchronous PWM mode and
complementary PWM mode.

In PWM3 mode, TRDOCR selects the output level on the FTIOBO pin.

Initial
Bit Bit Name Value R/W Description
7 TOD1 0 R/W Output Level Select D1

0: 0 output at the FTIOD1 pin*
1: 1 output at the FTIOD1 pin*

6 TOCH 0 R/W Output Level Select C1
0: 0 output at the FTIOC1 pin*
1: 1 output at the FTIOC1 pin*

5 TOB1 0 R/W Output Level Select B1
0: 0 output at the FTIOB1 pin*
1: 1 output at the FTIOB1 pin*
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Initial
Bit Bit Name Value R/W Description
4 TOA1 0 R/W Output Level Select A1

0: 0 output at the FTIOA1 pin*
1: 1 output at the FTIOA1 pin*

3 TODO 0 R/W Output Level Select DO
0: 0 output at the FTIODO pin*
1: 1 output at the FTIODO pin*

2 TOCO 0 R/W Output Level Select CO
0: 0 output at the FTIOCO pin*
1: 1 output at the FTIOCO pin*
1 TOBO 0 R/W Output Level Select BO
e In modes other than PWM3 mode
0: 0 output at the FTIOBO pin*
1: 1 output at the FTIOBO pin*
e In PWM3 mode

0: 1 output at the FTIOBO pin on GRB_1 compare
match and 0 output at the FTIOBO pin on GRB_0
compare match

1: 0 output at the FTIOBO pin on GRB_1 compare
match and 1 output at the FTIOBO pin on GRB_0
compare match

0 TOAO 0 R/W Output Level Select A0
¢ In modes other than PWM3 mode
0: 0 output at the FTIOAO pin*
1: 1 output at the FTIOAOQ pin*
e In PWM3 mode

0: 1 output at the FTIOBO pin on GRA_1 compare
match and 0 output at the FTIOBO pin on GRA_0
compare match

1: 0 output at the FTIOBO pin on GRA_1 compare
match and 1 output at the FTIOBO pin on GRA_0O
compare match

Note: * The change of the setting is immediately reflected in the output value.

Rev. 1.50 Sep. 18,2007 Page 285 of 584
RENESAS REJ09B0240-0150



Section 14 Timer RD

14.3.8 Timer RD Counter (TRDCNT)

Timer RD has two TRDCNT counters (TRDCNT_0 and TRDCNT __1), one for each channel. The
TRDCNT counters are 16-bit readable/writable registers that increment/decrement according to
input clocks. Input clocks can be selected by bits TPSC2 to TPSCO in TRDCR. TRDCNT_0 and
TRDCNT_1 increment/decrement in complementary PWM mode, while they only increment in
other modes.

The TRDCNT counters are initialized to H'0000 by compare matches with corresponding GRA,
GRB, GRC, or GRD, or input captures to GRA, GRB, GRC, or GRD (counter clearing function).
When the TRDCNT counters overflow, an OVF flag in TRDSR for the corresponding channel is
set to 1. When TRDCNT_1 underflows, an UDF flag in TRDSR is set to 1. The TRDCNT
counters cannot be accessed in 8-bit units; they must always be accessed as a 16-bit unit.
TRDCNT is initialized to H'0000 by a reset.

1439 General RegistersA, B, C, and D (GRA, GRB, GRC, and GRD)

GR are 16-bit registers. Timer RD has eight general registers (GR), four for each channel. The GR
registers are dual function 16-bit readable/writable registers, functioning as either output compare
or input capture registers. Functions can be switched by TRDIORA and TRDIORC.

The values in GR and TRDCNT are constantly compared with each other when the GR registers
are used as output compare registers. When the both values match, the IMFA to IMFD flags in
TSR are set to 1. Compare match outputs can be selected by TRDIORA and TRDIORC.

When the GR registers are used as input capture registers, the TRDCNT value is stored after
detecting external signals. At this point, IMFA to IMFD flags in the corresponding TRDSR are set
to 1. Detection edges for input capture signals can be selected by TRDIORA and TRDIORC.

When PWM mode, complementary PWM mode, or reset synchronous PWM mode is selected, the
values in TRDIORA and TRDIORC are ignored. Upon reset, the GR registers are set as output
compare registers (no output) and initialized to H'FFFF. The GR registers cannot be accessed in 8-
bit units; they must always be accessed as a 16-bit unit.
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14.3.10 Timer RD Control Register (TRDCR)

TRDCR selects a TRDCNT counter clock, an edge when an external clock is selected, and counter
clearing sources. Timer RD has a total of two TRDCR registers, one for each channel.

Initial
Bit Bit Name Value R/W Description
CCLR2 0 R/W Counter Clear 2 to 0
CCLR1 0 R/W 000: Disables TRDCNT clearing
CCLRO 0 R/W 001: Clears TRDCNT by GRA compare match/input
capture*'

010: Clears TRDCNT by GRB compare match/input
capture*’

011: Synchronization clear; Clears TRDCNT in
synchronous with counter clearing of the other
channel's timer+*

100: Disables TRDCNT clearing

101: Clears TRDCNT by GRC compare match/input
capture*’

110: Clears TRDCNT by GRD compare match/input
capture*'

111: Synchronization clear; Clears TRDCNT in
synchronous with counter clearing of the other
channel's timer**

4 CKEGH1 R/W Clock Edge 1 and 0
3 CKEGO R/W 00: Count at rising edge
01: Count at falling edge
1X: Count at both edges
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Initial
Bit Bit Name Value R/W Description
2 TPSC2 0 R/W Time Prescaler2to 0
TPSCH 0 R/W  000: Internal clock: count by ¢*°
0 TPSCO 0 R/W 001: Internal clock: count by ¢/2
010: Internal clock: count by ¢/4
011: Internal clock: count by ¢/8
100: Internal clock: count by ¢/32
101: External clock: count by FTIOAO (TCLK) pin input

110:
111:

Internal clock: count by ¢40M**
Reserved (setting prohibited)

Notes: 1. When selecting the internal clock ¢, the

subclock is counted in subactive and
subsleep modes.

2. When selecting the internal clock $40M, on-
chip oscillator should be in operation. When
switching the clock, the counter should be
halted.

[Legend] X: Don't care

Notes: 1. When GR functions as an output compare register, TRDCNT is cleared by compare
match. When GR functions as input capture, TRDCNT is cleared by input capture.

2. Synchronous operation is set by TRDMDR.
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14.3.11 Timer RD I/O Control Registers (TRDIORA and TRDIORC)

TRDIOR control the general registers (GR). Timer RD has four TRDIOR registers (TRDIORA_0,
TRDIORA_1, TRDIORC_0, and TRDIORC_1), two for each channel. In PWM mode, PWM3
mode, complementary PWM mode, and reset synchronous PWM mode, the settings of TRDIOR

are invalid.

e TRDIORA

TRDIORA selects whether GRA or GRB is used as an output compare register or an input
capture register. When an output compare register is selected, the output setting is selected.
When an input capture register is selected, an input edge of an input capture signal is selected.
TRDIORA also selects the function of FTIOA or FTIOB pin.

Initial
Bit Bit Name Value R/W Description
7 — 1 — Reserved
This bit is always read as 1.
6 10B2 0 R/W I/O Control B2
Selects the GRB function.
0: GRB functions as an output compare register
1: GRB functions as an input capture register
5 10B1 0 R/W I/O Control B1 and BO
10B0O 0 R/W When I0B2 =0,

00: No output at compare match
01: 0 output to the FTIOB pin at GRB compare match
10: 1 output to the FTIOB pin at GRB compare match

11: Output toggles to the FTIOB pin at GRB compare
match

When IOB2 =1,

00: Input capture to GRB at rising edge at the FTIOB
pin

01: Input capture to GRB at falling edge at the FTIOB
pin

1X: Input capture to GRB at rising and falling edges at
the FTIOB pin
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Bit Bit Name

Initial
Value

R/W

Description

3 —

1

Reserved
0 should not be written to this bit.

2 I0A2

R/W

I/O Control A2

Selects the GRA function.

0: GRA functions as an output compare register
1: GRA functions as an input capture register

I0A1
0 I0A0

R/W
R/W

I/O Control A1 and AO

When IOA2 =0,

00: No output at compare match

01: 0 output to the FTIOA pin at GRA compare match
10: 1 output to the FTIOA pin at GRA compare match

11: Output toggles to the FTIOA pin at GRA compare
match

When IOA2 =1,

00: Input capture to GRA at rising edge at the FTIOA
pin

01: Input capture to GRA at falling edge at the FTIOA
pin

1X: Input capture to GRA at rising and falling edges at
the FTIOA pin

[Legend]
X: Don't care.

Note: When a GR register functions as a buffer register for a paired GR register, the settings in
the IOA2 and IOB2 bits in TRDIORA and the I0C2 and 10D2 bits in TRDIORC of both
registers should be the same.
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TRDIORC

TRDIORC selects whether GRC or GRD is used as an output compare register or an input
capture register. When an output compare register is selected, the output setting is selected.
When an input capture register is selected, an input edge of an input capture signal is selected.
TRDIORC also selects the function of the FTIOA to FTIOD pins.

Initial

Bit Bit Name Value R/W Description

7 10D3 1 R/W I/O Control D3
Specifies GRD to be used as GR for the FTIOB or
FTIOD pin.
0: GRD is used as GR for the FTIOB pin
1: GRD is used as GR for the FTIOD pin

6 I0D2 0 R/W I/O Control D2
Selects the GRD function.
0: GRD functions as an output compare register
1: GRD functions as an input capture register

5 10D1 0 R/W I/O Control D1 and DO

I0D0 0 R/W When I0D3 =0,

00: No output at compare match
01: 0 output to the FTIOB pin at GRD compare match
10: 1 output to the FTIOB pin at GRD compare match

11: Output toggles to the FTIOB pin at GRD compare
match

When 10D3 = 1 and 10D2 = 0,

00: No output at compare match

01: 0 output to the FTIOD pin at GRD compare match
10: 1 output to the FTIOD pin at GRD compare match

11: Output toggles to the FTIOD pin at GRD compare
match

When IOD3 =1 and IOD2 = 1,

00: Input capture to GRD at rising edge at the FTIOD
pin

01: Input capture to GRD at falling edge at the FTIOD
pin

1X: Input capture to GRD at rising and falling edges at
the FTIOD pin
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Initial
Bit Bit Name Value R/W Description
3 10C3 1 R/W I/O Control C3
Specifies GRC to be used as GR for the FTIOA or
FTIOC pin.
0: GRC is used as GR for the FTIOA pin
1: GRC is used as GR for the FTIOC pin
2 10C2 0 R/W I/O Control C2
Selects the GRC function.
0: GRC functions as an output compare register
1: GRC functions as an input capture register
10CH 0 R/W I/O Control C1 and CO
0 10C0o 0 R/W When I0OC3 =0,

00: No output at compare match
01: 0 output to the FTIOA pin at GRC compare match
10: 1 output to the FTIOA pin at GRC compare match

11: Output toggles to the FTIOA pin at GRC compare
match

When IOC3 =1 and IOC2 =0,

00: No output at compare match

01: 0 output to the FTIOC pin at GRC compare match
10: 1 output to the FTIOC pin at GRC compare match

11: Output toggles to the FTIOC pin at GRC compare
match

When I0OC3 =1 and I0C2 =1,

00: Input capture to GRC at rising edge at the FTIOC
pin

01: Input capture to GRC at falling edge at the FTIOC
pin

1X: Input capture to GRC at rising and falling edges at
the FTIOC pin

[Legend]
X: Don't care.

Note: When a GR register functions as a buffer register for a paired GR register, the settings in
the IOA2 and IOB2 bits in TRDIORA and the I0C2 and 10D2 bits in TRDIORC of both
registers should be the same.
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14.3.12 Timer RD Status Register (TRDSR)

TRDSR indicates generation of an overflow/underflow of TRDCNT and a compare match/input
capture of GRA, GRB, GRC, and GRD. These flags are interrupt sources. If an interrupt is
enabled by a corresponding bit in TRDIER, TRDSR requests an interrupt for the CPU. Timer RD
has two TRDSR registers, one for each channel.

Initial
Bit Bit Name Value R/W Description
7,6 — All 1 — Reserved
These bits are always read as 1.
5 UDF* 0 R/W Underflow Flag

[Setting condition]
e When TRDCNT_1 underflows
[Clearing condition]
e When 0 is written to UDF after reading UDF = 1
4 OVF 0 R/W Overflow Flag
[Setting condition]
e When the TRDCNT value underflows
[Clearing condition]
e When 0 is written to OVF after reading OVF =1
3 IMFD 0 R/W Input Capture/Compare Match Flag D
[Setting conditions]
¢ When TRDCNT = GRD and GRD is functioning as
output compare register
e When TRDCNT = GRD while the FTIOD pin
operates in PWM mode

e When TRDCNT = GRD in PWM3 mode, reset
synchronous PWM mode, or complementary PWM
mode

e When TRDCNT value is transferred to GRD by input
capture signal and GRD is functioning as input
capture register

[Clearing condition]

e When 0 is written to IMFD after reading IMFD = 1
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Bit

Bit Name

Initial
Value

R/W

Description

IMFC

0

R/W

Input Capture/Compare Match Flag C

[Setting conditions]

When TRDCNT = GRC and GRC is functioning as
output compare register

When TRDCNT = GRC while the FTIOC pin
operates in PWM mode

When TRDCNT = GRC in PWM3 mode, reset
synchronous PWM mode, or complementary PWM
mode

When TRDCNT value is transferred to GRC by input
capture signal and GRC is functioning as input
capture register

[Clearing condition]

When 0 is written to IMFC after reading IMFC = 1

1

IMFB

0

R/W

Input Capture/Compare Match Flag B

[Setting conditions]

When TRDCNT = GRB and GRB is functioning as
output compare register

When TRDCNT = GRB while the FTIOB pin
operates in PWM mode

When TRDCNT = GRB in PWM mode, PWM3
mode, reset synchronous PWM mode, or
complementary PWM mode (in reset synchronous
PWM mode, however, while TRDCNT_0 = GRB_1
and TRDCNT_0 = GRB_0)

When TRDCNT value is transferred to GRB by input
capture signal and GRB is functioning as input
capture register

[Clearing condition]

When 0 is written to IMFB after reading IMFB = 1
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Initial
Bit Bit Name Value R/W Description
0 IMFA 0 R/W Input Capture/Compare Match Flag A

[Setting conditions]

e When TRDCNT = GRA and GRA is functioning as
output compare register

e When TRDCNT = GRA in PWM mode, PWM3
mode, reset synchronous PWM mode, or
complementary PWM mode (in reset synchronous
PWM mode, however, while TRDCNT_0 = GRA_1
and TRDCNT_0 = GRA_0)

e When TRDCNT value is transferred to GRA by input
capture signal and GRA is functioning as input
capture register

[Clearing condition]

e When 0 is written to IMFA after reading IMFA = 1

Note: Bit 5 is not the UDF flag in TRDSR_O. It is a reserved bit. It is always read as 1.
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14.3.13 Timer RD Interrupt Enable Register (TRDIER)

TRDIER enables or disables interrupt requests for overflow or GR compare match/input capture.
Timer RD has two TRDIER registers, one for each channel.

Initial
Bit Bit Name Value R/W Description
7t05 — All 1 — Reserved
These bits are always read as 1.
4 OVIE 0 R/W Overflow Interrupt Enable
0: Interrupt requests (OVI) by OVF or UDF flag are
disabled
1: Interrupt requests (OVI) by OVF or UDF flag are
enabled
3 IMIED 0 R/W Input Capture/Compare Match Interrupt Enable D

0: Interrupt requests (IMID) by IMFD flag are disabled
1: Interrupt requests (IMID) by IMFD flag are enabled

2 IMIEC 0 R/W Input Capture/Compare Match Interrupt Enable C
0: Interrupt requests (IMIC) by IMFC flag are disabled
1: Interrupt requests (IMIC) by IMFC flag are enabled

1 IMIEB 0 R/W Input Capture/Compare Match Interrupt Enable B
0: Interrupt requests (IMIB) by IMFB flag are disabled
1: Interrupt requests (IMIB) by IMFB flag are enabled

0 IMIEA 0 R/W Input Capture/Compare Match Interrupt Enable A
0: Interrupt requests (IMIA) by IMFA flag are disabled
1: Interrupt requests (IMIA) by IMFA flag are enabled
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14.3.14 PWM Mode Output Level Control Register (POCR)

POCR control the active level in PWM mode. Timer RD has two POCR registers, one for each
channel.

Initial
Bit Bit Name Value R/W Description
7t03 — All 1 — Reserved
These bits are always read as 1.
2 POLD 0 R/W PWM Mode Output Level Control D

0: The output level of FTIOD is low-active

1: The output level of FTIOD is high-active
1 POLC 0 R/W PWM Mode Output Level Control C

0: The output level of FTIOC is low-active

1: The output level of FTIOC is high-active
0 POLB 0 R/W PWM Mode Output Level Control B
0: The output level of FTIOB is low-active

1: The output level of FTIOB is high-active
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14.3.15 Timer RD Digital Filtering Function Select Register (TRDDF)

TRDDF enables or disables the digital filter for each of the FTIOA to FTIOD pins. The setting in
this register is valid on the corresponding pin when the FTIOA to FTIOD inputs are enabled by
TRDIORA and TRDIORC.

Timer RD has two TRDDF registers, one for each channel.

Bit Bit Name

Initial
Value

R/W

Description

7 DFCK1
6 DFCKoO

0
0

R/W
R/W

These bits select the clock to be used by the digital
filter.

00: ¢/32

01: ¢/8

10: ¢

11: Clock specified by bits TPSC2 to TPSCO in TRDCR

Reserved

These bits are always read as 0.

DFD

R/W

Enables or disables the digital filter for the FTIOD pin.
0: Disables the digital filter
1: Enables the digital filter

2 DFC

R/W

Enables or disables the digital filter for the FTIOC pin.
0: Disables the digital filter
1: Enables the digital filter

1 DFB

R/W

Enables or disables the digital filter for the FTIOB pin.
0: Disables the digital filter
1: Enables the digital filter

0 DFA

R/W

Enables or disables the digital filter for the FTIOA pin.
0: Disables the digital filter
1: Enables the digital filter
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14.3.16 Interfacewith CPU
(1) 16-Bit Register

TRDCNT and GR are 16-bit registers. Reading/writing in a 16-bit unit is enabled but disabled in
an 8-bit unit since the data bus with the CPU is 16-bit width. These registers must always be
accessed in a 16-bit unit. Figure 14.8 shows an example of accessing the 16-bit registers.

Internal data bus

C

<H_>
P : L Bus interface Module data bus

U

| TRDCNTH | TRDCNTL |

Figure14.8 Accessing Operation of 16-Bit Register (between CPU and TRDCNT (16 bits))
(2) 8-Bit Register

Registers other than TRDCNT and GR are 8-bit registers that are connected internally with the
CPU in an 8-bit width. Figure 14.9 shows an example of accessing the 8-bit registers.

Internal data bus

Cc

Module data bus

<H_>
P L Bus interface

u

TRDSTR

T
| TROSTR |

Figure14.9 Accessing Operation of 8-Bit Register (between CPU and TRDSTR (8 bits))

Rev. 1.50 Sep. 18,2007 Page 299 of 584
RENESAS REJ09B0240-0150




Section 14 Timer RD

144  Operation
Timer RD has the following operating modes.

e Timer mode operation
— Enables output compare and input capture functions by setting the IOA2 to IOAO0 and IOB2
to IOBO bits in TRDIORA and the IOC3 to IOCO and IOD3 to IODO bits in TRDIORC
e PWM mode operation
— Enables PWM mode operation by setting TRDPMR
e PWM3 mode operation
— Enables PWM3 mode operation by setting the PWM3 bit in TRDFCR
e Reset synchronous PWM mode operation
— Enables reset synchronous PWM mode operation by setting the CMD1 and CMDO bits in
TRDFCR
e Complementary PWM mode operation
— Enables complementary PWM mode operation by setting the CMD1 and CMDO bits in
TRDFCR

The FTIOAO to FTIODO and FTIOA1 to FTIODI pins indicate the timer operation mode by each
register setting.

e FTIOAO pin

Register
Name TRDOER1 TRCMR TRDIORA
CMD1, IOA2 to
Bit Name EAO STCLK CMDO PWM3 IOAO Function
Setting 0 0 00 0 XXX PWMS3 mode waveform output
values g 0 00 1 001,01X  Timer mode waveform output
(output compare function)
0 1 XX 1 1XX Timer mode (input capture
P function)
Other than above General I/O port

[Legend]
X: Don't care.
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e FTIOBO pin

Register
Name TRDOER1 TRDFCR TRDPMR  TRDIORA
CMD1, IOB2 to
Bit Name EBO CMDO PWM3 PWMBO IOBO Function
Setting 0 10, 11 X X XXX Complementary PWM
values mode waveform output
0 01 X X XXX Reset synchronous PWM
mode waveform output
0 00 0 X XXX PWMS3 mode waveform
out
00 1 1 XXX PWM mode waveform out
00 1 0 001, 01X Timer mode waveform
output (output compare
function)
0 00 1 0 1XX Timer mode (input capture
function)
Other than above General I/O port
[Legend]
X: Don't care.
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e FTIOCO pin

Register
Name TRDOERL1 TRDFCR TRDPMR  TRDIORC
CMD1, I0C2 to
Bit Name ECO CMDO PWM3 PWMCO 10CO Function
Setting 0 10, 11 X X XXX Complementary PWM
values mode waveform output
0 01 X X XXX Reset synchronous PWM
mode waveform output
0 00 1 1 XXX PWM mode waveform out
00 1 0 001, 01X Timer mode waveform
output (output compare
function)
0 00 1 0 1XX Timer mode (input capture
function)
Other than above General I/0O port
[Legend]
X: Don't care.
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e FTIODO pin

Register
Name TRDOERL1 TRDFCR TRDPMR  TRDIORC
CMD1, 10D2 to
Bit Name EDO CMDO PWM3 PWMDO 10D0 Function
Setting 0 10, 11 X X XXX Complementary PWM
values mode waveform output
0 01 X X XXX Reset synchronous PWM
mode waveform output
0 00 1 1 XXX PWM mode waveform out
00 1 0 001, 01X Timer mode waveform
output (output compare
function)
0 00 1 0 1XX Timer mode (input capture
function)
Other than above General I/O port
[Legend]
X: Don't care.
e FTIOAL pin
Register
Name TRDOERL1 TRDFCR TRDIORA
CMD1, I0A2 to
Bit Name EA1l CMDO PWM3 I0A0 Function
Setting 0 10,11 X XXX Complementary PWM mode waveform
values output
0 01 X XXX Reset synchronous PWM mode waveform
output
0 00 1 001, 01X  Timer mode waveform output (output
compare function)
0 00 1 1XX Timer mode (input capture function)
Other than above General I/O port
[Legend]
X: Don't care.
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e FTIOBI pin

Register
Name TRDOER1 TRDFCR TRDPMR TRDIORA
CMD1, I0B2 to
Bit Name EB1 CMDO PWM3 PWMB1 10BO Function
Setting 0 10, 11 X X XXX Complementary PWM mode
values waveform output
0 01 X X XXX Reset synchronous PWM
mode waveform output
0 00 1 1 XXX PWM mode waveform out
00 1 0 001, 01X Timer mode waveform output
(output compare function)
0 00 1 0 1XX Timer mode (input capture
function)
Other than above General I/O port
[Legend]
X: Don't care.
e FTIOCI pin
Register
Name TRDOER1 TRDFCR TRDPMR TRDIORC
CMD1, I0C2 to
Bit Name EC1 CMDO PWM3 PWMC1 10CO Function
Setting 0 10,11 X X XXX Complementary PWM mode
values waveform output
0 01 X X XXX Reset synchronous PWM
mode waveform output
00 1 1 XXX PWM mode waveform out
00 1 0 001, 01X Timer mode waveform output
(output compare function)
0 00 1 0 1XX Timer mode (input capture
function)
Other than above General I/O port
[Legend]
X: Don't care.
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e FTIODI pin

Register
Name TRDOER1 TRDFCR TRDPMR TRDIORC
CMD1, 10D2 to
Bit Name ED1 CMDO PWM3 PWMD1 10D0 Function
Setting 0 10, 11 X X XXX Complementary PWM mode
values waveform output
0 01 X X XXX Reset synchronous PWM
mode waveform output
0 00 1 1 XXX PWM mode waveform out
00 1 0 001, 01X Timer mode waveform output
(output compare function)
0 00 1 0 1XX Timer mode (input capture
I function)
Other than above General I/O port
[Legend]
X: Don't care.
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1441 Counter Operation

‘When one of bits STRO and STR1 in TRDSTR is set to 1, the TRDCNT counter for the
corresponding channel begins counting. TRDCNT can operate as a free-running counter, periodic
counter, for example. Figure 14.10 shows an example of the counter operation setting procedure.

[1] Select the counter clock with bits
TPSC2 to TPSCO in TRDCR. When
an external clock is selected, select

Select counter clock ) the external clock edge with bits

CKEG1 and CKEGO in TRDCR.
| [2] For periodic counter operation, select
( Periodic counter ) C Free-running counter ) the TRDCNT clear!ng source with bits
CCLR2 to CCLRO in TRDCR.

| [3] Designate the general register

[2] selected in [2] as an output ompare

register by means of TRDIOR.

| [4] Set the periodic counter cycle in the
Select output compare register | 3] general register selected in [2].

| [5] Setthe STR bitin TRDSTR to 1 to
start the counter operation.

( Operation selection )

Select counter clearing source

Set period 4]

Start count operation 5]

Figure 14.10 Example of Counter Operation Setting Procedure
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(1) Free-Running Count Operation and Periodic Count Operation

Immediately after a reset, the TRDCNT counters for channels 0 and 1 are all designated as free-
running counters. When the relevant bit in TRDSTR is set to 1, the corresponding TRDCNT
counter starts an increment operation as a free-running counter. When TRDCNT overflows, the
OVF flag in TRDSR is set to 1. If the value of the OVIE bit in the corresponding TRDIER is 1 at
this point, timer RD requests an interrupt. After overflow, TRDCNT starts an increment operation
again from H'0000.

Figure 14.11 illustrates free-running counter operation.

TRDCNT value
A

L o o o T T T T T T TP

H'0000 > Time

STRO, i :
STR1 - ! !

Figure14.11 Free-Running Counter Operation

When compare match is selected as the TRDCNT clearing source, the TRDCNT counter for the
relevant channel performs periodic count operation. The GR registers for setting the period are
designated as output compare registers, and counter clearing by compare match is selected by
means of bits CCLR1 and CCLRO in TRDCR. After the settings have been made, TRDCNT starts
an increment operation as a periodic counter when the corresponding bit in TRDSTR is set to 1.
When the count value matches the value in GR, the IMFA, IMFB, IMFC, or IMFD flag in TRDSR
is set to 1 and TRDCNT is cleared to H'0000.

If the value of the corresponding IMIEA, IMIEB, IMIEC, or IMIED bit in TRDIER is 1 at this
point, timer RD requests an interrupt. After a compare match, TRDCNT starts an increment
operation again from H'0000.
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Figure 14.12 illustrates periodic count operation.

TRDCNT value

A
Counter cleared by GR compare match

GRValUE | - - - oo co oo e

H'0000

> Time

STR

Figure14.12 Periodic Counter Operation
(20 TRDCNT Count Timing

e Internal clock operation
A system clock (¢), four types of clocks (¢/2, ¢/4, /8, or ¢p/32) that are generated by dividing
the system clock, or on-chip oscillator clock ($40M) can be selected by bits TPSC2 to TPSCO
in TRDCR.

Figure 14.13 illustrates this timing.

Internal clock | ( ( | X |
TRDCNT input | |
p I |§ ( ((
T )T
§ 5§
TRDCNT N1 >< N X s

) bR

Figure14.13 Count Timing at Internal Clock Operation
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e External clock operation

An external clock input pin (TCLK) can be selected by bits TPSC2 to TPSCO in TRDCR, and
a detection edge can be selected by bits CKEG1 and CKEGO. To detect an external clock, the
rising edge, falling edge, or both edges can be selected.

Figure 14.14 illustrates the detection timing of the rising and falling edges.

‘ S T I I A O N

External clock |

L

input pin

TRDCNT input

[ 1

() () )P

TRDCNT N-1

X

(( ((
)) )
X N+1

5 5§

Figure14.14 Count Timing at External Clock Operation (Both Edges Detected)

14.4.2

Waveform Output by Compare Match

Timer RD can perform 0, 1, or toggle output from the corresponding FTIOA, FTIOB, FTIOC, or
FTIOD output pin using compare match A, B, C, or D.

Figure 14.15 shows an example of the setting procedure for waveform output by compare match.

( Output selection

)

| Select waveform output mode | [1]

| Set output timing

| [2]

| Enable waveform output

| @

| Start count operation

| 1

!

<Waveform output>

1

(2]
(3]

[4]

Select 0 output, 1 output, or toggle
output as a compare much output, by
means of TRDIOR. The initial values set
in TRDOCR are output unit the first
compare match occurs.

Set the timing for compare match
generation in GRA/GRB/GRC/GRD.
Enable or disable the timer output by
TRDOERT.

Set the STR bit in TRDSTR to 1 to start
the TRDCNT count operation.

Figure 14.15 Example of Setting Procedure for Waveform Output by Compare Match

RENESAS
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(1) Examplesof Waveform Output Operation
Figure 14.16 shows an example of 0 output/1 output.

In this example, TRDCNT has been designated as a free-running counter, and settings have been
made such that 0 is output by compare match A, and 1 is output by compare match B. When the
set level and the pin level coincide, the pin level does not change.

TRDCNT value
[ Sl Rl S D e
- - A TTTTTYT T T :' """" LT r==-TT====="
H'0000 : - : : : v Time
. o——
Lo | ‘ i No change . No change
FTIOA | /E\ No change A\No change
-/ -/

Figure14.16 Example of 0 Output/1 Output Operation
Figure 14.17 shows an example of toggle output.

In this example, TRDCNT has been designated as a periodic counter (with counter clearing on
compare match B), and settings have been made such that the output is toggled by both compare
match A and compare match B.
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TRDCNT value
GRB [
GRA ------ GRRREEEE EEPEEES GRRREEEE! LR S ERROEEE
H'0000 i . i . i Time
FTIOB ' E E Toggle output
FTIOA Toggle output

Figure14.17 Example of Toggle Output Operation
(2) Output Compare Timing

The compare match signal is generated in the last state in which TRDCNT and GR match (when
TRDCNT changes from the matching value to the next value). When the compare match signal is
generated, the output value selected in TRDIOR is output at the compare match output pin
(FTIOA, FTIOB, FTIOC, or FTIOD). When TRDCNT matches GR, the compare match signal is
generated only after the next TRDCNT input clock pulse is input.

Figure 14.18 shows an example of the output compare timing.

TRDCNT input | |

TRDCNT N X N+1
GR N

Compare match I_l

signal

FTIOA to FTIOD X

Figure14.18 Output Compare Timing
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14.4.3 Input Capture Function

The TRDCNT value can be transferred to GR on detection of the input edge of the input
capture/output compare pin (FTIOA, FTIOB, FTIOC, or FTIOD). Rising edge, falling edge, or
both edges can be selected as the detected edge. When the input capture function is used, the pulse
width or period can be measured.

Figure 14.19 shows an example of the input capture operation setting procedure.

C Input selection )

Select input edge of [1]1 Designate GR as an input capture register
input capture 0l by means of TRDIOR, and select rising
T edge, falling edge, or both edges as the
input edge of the input capture signal.
Start counter operation [2] [2] Setthe STR bitin TRDSTR to 1 to start the
l TRDCNT counter operation.

<Input capture operation>

Figure14.19 Example of Input Capture Operation Setting Procedure
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(1) Exampleof Input Capture Operation
Figure 14.20 shows an example of input capture operation.

In this example, both rising and falling edges have been selected as the FTIOA pin input capture
input edge, the falling edge has been selected as the FTIOB pin input capture input edge, and
counter clearing by GRB input capture has been designated for TRDCNT.

TRDCNT value Counter cleared by FTIOB input (falling edge)
A
H'O180 [---- - mm e e O
[ 011 B 4

H'0005
H'0000

T

FTIOB

FTIOA A

><

GRA X H'0005

GRB X X H'0180

Figure14.20 Example of Input Capture Operation
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(2) Input Capture Signal Timing

Input capture on the rising edge, falling edge, or both edges can be selected through settings in
TRDIOR. Figure 14.21 shows the timing when the rising edge is selected.

¢ Hpliplipgingligipikiniingh

Input capture input I
Input capture signal | | (c
)7

TRDCNT N

(
GR )
X N ()(

Figure14.21 Input Capture Signal Timing
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14.4.4  Synchronous Operation

In synchronous operation, the values in a number of TRDCNT counters can be rewritten
simultaneously (synchronous presetting). Also, a number of TRDCNT counters can be cleared
simultaneously by making the appropriate setting in TRDCR (synchronous clearing). Synchronous
operation enables GR to be increased with respect to a single time base.

Figure 14.22 shows an example of the synchronous operation setting procedure.

Synchronous operation
selection

Set synchronous
operation 0l

( Synchronous presetting ) ( Synchronous clearing )

Clearing No
> source generation
Set TRDCNT [2] channel?

Select counter 3] Select counter [4]
clearing source clearing source

Start counter operation [5] Start counter operation [5]

\ ] l
<Synchronous presetting> <Counter clearing> <Synchronous clearing>

[1] Setthe SYNC bits in TRDMDR to 1.

[2] When a value is written to either of the TRDCNT counters, the same value is simultaneously written to the other
TRDCNT counter.

[3] Set bits CCLR1 and CCLRO in TRDCR to specify counter clearing by compare match/input capture.

[4] Set bits CCLR1 and CCLRO in TRDCR to designate synchronous clearing for the counter clearing source.

[5] Set the STR bitin TRDSTR to 1 to start the count operation.

Figure 14.22 Example of Synchronous Operation Setting Procedure
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Figure 14.23 shows an example of synchronous operation. In this example, synchronous operation
has been selected, FTIOBO and FTIOB1 have been designated for PWM mode, GRA_0 compare
match has been set as the channel O counter clearing source, and synchronous clearing has been set
for the channel 1 counter clearing source. The same input clock has been set for the channel 0 and
channel 1 counter input clocks. Two-phase PWM waveforms are output from pins FTIOBO and
FTIOB1. At this time, synchronous presetting and synchronous operation by GRA_0 compare
match are performed by TRDCNT counters.

For details on PWM mode, see section 14.4.5, PWM Mode.

TRDCNT values

A
GRA_Q  frmmmmmmm s s s

Synchronous clearing by GRA_0 compare match

GRA1  fecemmmceeoo- S S A
GRBO f-------f-- T e (RS

GRB_1 |-- AL N L A T B
H'0000 R ; — P : > Time

FTIOBO : E - - E E

FTIOB1 |

Figure 14.23 Example of Synchronous Operation

1445 PWM Mode

In PWM mode, PWM waveforms are output from the FTIOB, FTIOC, and FTIOD output pins
with GRA as a cycle register and GRB, GRC, and GRD as duty registers. The initial output level
of the corresponding pin depends on the setting values of TRDOCR and POCR. Table 14.4 shows
an example of the initial output level of the FTIOBO pin.

The output level is determined by the POLB to POLD bits corresponding to POCR. When POLB
is 0, the FTIOB output pin is set to 0 by compare match B and set to 1 by compare match A. When
POLB is 1, the FTIOB output pin is set to 1 by compare match B and cleared to O by compare
match A. In PWM mode, maximum 6-phase PWM outputs are possible.

Figure 14.24 shows an example of the PWM mode setting procedure.
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Table14.4 Initial Output Level of FTIOBO Pin

TOBO POLB Initial Output Level
0 0 1
0 1 0
1 0 0
1 1 1

( PWM mode )

I [1]1 Select the counter clock with bits TPSC2 to
Select counter clock [1] TOSCO in TRDCR. When an external clock
T is selected, select the external clock edge
with bits CKEG1 and CKEGO in TRDCR.

Select counter clearing source [2]

[2] Use bits CCLR2 to CCLRO in TRDCR to
| select the counter clearing source.

Set PWM mode [3]
[3] Select the PWM mode with bits PWMBO to
| PWMDO and PWMB1 to PWMD1 in
Set initial output level [4] TRDPMR.

| [4] Set the initial output value with bits TOBO to
TODO and TOB1 to TOD1 in TRDOCR.

Select output level [5]
| [5] Set the output level with bits POLB to POLD
in POCR.
Set GR [6]
| [6] Setthe cycle in GRA, and set the duty in the
other GR.
Enable waveform output [7]
| [7]1 Enable or disable the timer output by
TRDOERT.
Start counter operation [8]
[8] Setthe STR bitin TRDSTR to 1 and start the
l counter operation.
<PWM mode>

Figure 14.24 Example of PWM M ode Setting Procedure
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Figure 14.25 shows an example of operation in PWM mode. The output signals go to 1 and
TRDCNT is reset at compare match A, and the output signals go to 0 at compare match B, C, and
D (TOB, TOC, and TOD = 0, POLB, POLC, and POLD = 0).

TRDC‘NT value / Counter cleared by GRA compare match

GRA - m oo e e

GRB [------mmmma-- e O R

GRC f------- e fem e ekl B EEEE PP e Bt

GRD "'."":' ----- R EES ."":' ----- EREEE EE I----% ----- -1

H0000 KL . . . . . > Time
FTIOB o Lo Lo
: ' E ' E ' '

FTIOC 1 . .
FTIOD | | |

Figure 14.25 Example of PWM M ode Operation (1)
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Figure 14.26 shows another example of operation in PWM mode. The output signals go to 0 and
TRDCNT is reset at compare match A, and the output signals go to 1 at compare match B, C, and
D (TOB, TOC, and TOD = 0, POLB, POLC, and POLD = 1).

TRDCNT value
A

GRA

GRB

GRC

GRD
H'0000

FTIOB

FTIOC

FTIOD

Counter cleared by GRA compare match

Figure14.26 Example of PWM M ode Operation (2)

Rev. 1.50 Sep. 18,2007 Page 319 of 584

RENESAS

REJ09B0240-0150




Section 14 Timer RD

Figures 14.27 (when TOB, TOC, and TOD = 0, POLB, POLC, and POLD = 0) and 14.28 (when
TOB, TOC, and TOD = 0, POLB, POLC, and POLD = 1) show examples of the output of PWM
waveforms with duty cycles of 0% and 100% in PWM mode.

TRDCNT value — GRB rewritten

A Q """""""""""""""" '
GRA  [--------- R I R RS REEE
RB O---> A
G : GRB r¢written !
H'0000 : : » Time
FTIOB | 0% duty | |

When cycle register and duty register compare matches

TRDCNT value occur simultaneously, duty register compare match has
A GRB rewritten / priority.
GRA |------- -O------- Bt tieiiuiiaiaieieeieiuiily” fefaiaiai
: ! GRB rewritten
: ' GRB (@15 Z6EEs EEREE
' ' rewritten H
GRB d I :
H'0000 T . > Time
FTIOB i 100% duty |
When cycle register and duty register compare matches
occur simultaneously, duty register compare match has
priority.
TRDCNT value
A GRB rewritten ” GRB rewritten E
GRA  {------- Ormmmmm - e a---
E GRB rewritten
GRB ]
H'0000 : ¥ > Time
FTIOB i 100% duty 0% duty

Figure 14.27 Example of PWM M ode Operation (3)
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TRDCNT value GRB rewritten
A Q """""""""""""""" H
GRA |--------- . ECREEEEEEEEEEEESY EEb R R, R
' 1GRB
H 1 rewritten,
GRB A A A
H'0000 T . - » Time
FTIOB 0% duty |
When cycle register and duty register compare matches
TRDCNT value occur simultaneously, duty register compare match has
A GRB rewritten priority.
GRA |- () s oo
Q : GRB rewritten
H «GRB /| (e
: 1 rewritten T
GRB d O pfimmmrnnn :
H'0000 ; T » Time
ETIOB E 100% duty |
When cycle register and duty register compare matches
occur simultaneously, duty register compare match has
TRDCNT value priority.
A GRBrewritten T GRB rewritten :
GRA f------- Ommmmmp - R D, a---
H GRB rewritten
GRB d
........ H
H'0000 : . » Time
FTIOB | 100% duty 0% duty
Figure 14.28 Example of PWM M ode Operation (4)
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144.6 Reset Synchronous PWM Mode

Three normal- and counter-phase PWM waveforms are output by combining channels 0 and 1 that
one of changing points of waveforms will be common.

In reset synchronous PWM mode, the FTIOBO to FTIODO and FTIOA1 to FTIOD1 pins become
PWDM-output pins automatically. TRDCNT_O performs an increment operation. Tables 14.5 and
14.6 show the PWM-output pins used and the register settings, respectively.

Figure 14.29 shows the example of reset synchronous PWM mode setting procedure.

Table14.5 Output Pinsin Reset Synchronous PWM M ode

Channel Pin Name Input/Output Pin Function

0 FTIOCO Output Toggle output in synchronous with PWM cycle

0 FTIOBO Output PWM output 1

0 FTIODO Output PWM output 1 (counter-phase waveform of PWM
output 1)

1 FTIOA1 Output PWM output 2

1 FTIOC1 Output PWM output 2 (counter-phase waveform of PWM
output 2)

1 FTIOB1 Output PWM output 3

1 FTIOD1 Output PWM output 3 (counter-phase waveform of PWM
output 3)

Table14.6 Register Settingsin Reset Synchronous PWM Mode

Register Description

TRDCNT_O Initial setting of H'0000

TRDCNT_A1 Not used (independently operates)

GRA_O Sets counter cycle of TRDCNT_0

GRB_0 Set a changing point of the PWM waveform output from pins FTIOBO and
FTIODO.

GRA_1 Set a changing point of the PWM waveform output from pins FTIOA1 and
FTIOCH.

GRB_1 Set a changing point of the PWM waveform output from pins FTIOB1 and
FTIOD1.
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CReset synchronous PWM mode)

Stop counter operation

Select counter clock

Select counter clearing source

Set reset synchronous PWM mode

Set TRDCNT

Set GR

Enable waveform output

Start counter operation

<Reset synchronous PWM mode>

(2]

(3]

[4]

(5]

6]

(71

(8]

Clear bit STRO in TRDSTR to 0 and stop the
counter operation of TRDCNT_0. Set reset
synchronous PWM mode after TRDCNT_O
stops.

Select the counter clock with bits TPSC2 to
TPSCO in TRDCR. When an external clock
is selected, select the external clock edge
with bits CKEG1 and CKEGO in TRDCR.

Use bits CCLR2 to CCLRO in TRDCR to
select counter clearing source GRA_0.

Select the reset synchronous PWM mode
with bits CMD1 and CMDO in TRDFCR.
FTIOBO to FTIODO and FTIOA1 to FTIOD1
become PWM output pins automatically.

Set TRDCNT_0 as H'0000. TRDCNT_1
does not need to be set.

GRA_O is a cycle register. Set a cycle for
GRA_O. Set the changing point timing of the
PWM output waveform for GRB_0, GRA_1,
and GRB_1.

Enable or disable the timer output by
TRDOERT.

Set the STR bit in TRDSTR to 1 and start
the counter operation.

Figure14.29 Example of Reset Synchronous PWM M ode Setting Procedure

RENESAS
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Figures 14.30 and 14.31 show examples of operation in reset synchronous PWM mode.

TCRDNT value
A / Counter cleared by GRA compare match

GRA_O | .

GRB_0

GRA_1

GRB_1 [___/AZ_ __1____.
H'0000

FTIOBO

FTIODO

FTIOA1

FTIOC1 !

FTIOB1

FTIOD1

FTIOCO

Figure14.30 Example of Reset Synchronous PWM Mode Operation (OLS0=0LS1=1)
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TRDCNT value

GRA_O

GRB_0

GRA_1

GRB_1
H'0000

FTIOBO

FTIODO

FTIOA1

FTIOCH

FTIOB1

FTIOD1

FTIOCO

A

/ Counter cleared by GRA compare match

Figure14.31 Example of Reset Synchronous PWM Mode Operation (OLS0 = OLS1 =0)

In reset synchronous PWM mode, TRDCNT_0 and TRDCNT_1 perform increment and
independent operations, respectively. However, GRA_1 and GRB_1 are separated from
TRDCNT_1. When a compare match occurs between TRDCNT_0 and GRA_0, a counter is
cleared and an increment operation is restarted from H'0000.

The PWM pin outputs 0 or 1 whenever a compare match between GRB_0, GRA_1, GRB_1 and

TRDCNT_O or counter clearing occur.

For details on operations when reset synchronous PWM mode and buffer operation are
simultaneously set, refer to section 14.4.9, Buffer Operation.

Timer RD
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1447 Complementary PWM Mode

Three PWM waveforms for non-overlapped normal and counter phases are output by combining
channels 0 and 1.

In complementary PWM mode, the FTIOBO to FTIODO and FTIOAL1 to FTIODI1 pins become
PWDM-output pins automatically. TRDCNT_0 and TRDCNT_1 perform an increment or
decrement operation. Tables 14.7 and 14.8 show the output pins and register settings in
complementary PWM mode, respectively.

Figure 14.32 shows the example of complementary PWM mode setting procedure.

Table14.7

Output Pinsin Complementary PWM Mode

Channel Pin Name Input/Output Pin Function
0 FTIOCO Output Toggle output in synchronous with PWM cycle
0 FTIOBO Output PWM output 1
0 FTIODO Output PWM output 1 (counter-phase waveform non-
overlapped with PWM output 1)
1 FTIOA1 Output PWM output 2
1 FTIOCA Output PWM output 2 (counter-phase waveform non-
overlapped with PWM output 2)
1 FTIOB1 Output PWM output 3
1 FTIOD1 Output PWM output 3 (counter-phase waveform non-
overlapped with PWM output 3)
Table14.8 Register Settingsin Complementary PWM Mode
Register Description
TRDCNT_O Initial setting of non-overlapped periods (non-overlapped periods are differences
with TRDCNT_1)
TRDCNT_1 Initial setting of H'0000
GRA_O Sets (upper limit value — 1) of TRDCNT_0
GRB_0 Set a changing point of the PWM waveform output from pins FTIOBO and
FTIODO.
GRA_1 Set a changing point of the PWM waveform output from pins FTIOA1 and
FTIOCH.
GRB_1 Set a changing point of the PWM waveform output from pins FTIOB1 and

FTIOD1.
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[1] Clear bits STRO and STR1 in TRDSTR
( Complementary PWM mode) to 0, and stop the counter operation of
[ TRDCNT_0. Stop TRDCNT_0 and
Sto - (1] TRDCNT_1 and set complementary
p counter operation PWM mode.
| [2] Use bits TPSC2 to TPSCO in TRDCR to
select the same counter clock for
Select counter clock [2] channels 0 and 1. When an external
| clock is selected, select the edge of the
external clock by bits CKEG1 and

Set complementary (3] CKEGO in TRDCR. Set bits CCLR2 to
PWM mode CCLRO in TRDCR so that the counter is
| not cleared.
Set TCNT [4] [3] Use bits CMD1 and CMDO in TRDFCR

to set complementary PWM mode.
| FTIOBO to FTIODO and FTIOAT to
FTIOD1 automatically become PWM
SetGR [5] output pins.
[ [4] TRDCNT_1 must be H'0000. Set a non-
overlapped period to TRDCNT_0.
Enable waveform output (6] [5] GRA_Ois a cycle register. Set the cycle
| to GRA_O. Set the timing to change the
PWM output waveform to GRB_O,
Start counter operation [7] GRA_1, and GRB_1. The settings must
be set so that a compare match occurs
on TRDCNT_0 and TRDCNT_1. T< X
(X: Initial value in GRB_0, GRA_1, or
<Complementary PWM mode> GRB_1).
[6] Use TRDOERT to enable or disable the
timer output.
[7] Setthe STRO and STR1 bits in TRDSTR
to 1 to start the count operation.

Note:  To modify the settings for the complementary PWM mode, clear settings other
than those for the mode. After that, repeat setting from step [1].

Figure 14.32 Example of Complementary PWM M ode Setting Procedure
(1) Canceling Procedure of Complementary PWM Mode

Figure 14.33 shows the complementary PWM mode canceling procedure.

( Complementary PWM mode )

| [1] Clear bit CMD1in TRDFCR to 0, and set
] channels 0 and 1 to normal operation.

[2] After setting channels 0 and 1 to normal
| operation, clear bits STRO and STR1 in
TRDSTR to 0 and stop TRDCNT_0 and
TRDCNT_1.

Stop counter operation

Cancel complementary 2]
PWM mode

<Normal operation>

Figure 14.33 Canceling Procedur e of Complementary PWM Mode
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(2) Examplesof Complementary PWM M ode Operation

Figure 14.34 shows an example of complementary PWM mode operation. In complementary
PWM mode, TRDCNT_0 and TRDCNT_1 perform an increment or decrement operation. When
TRDCNT_0 and GRA_O are compared and their contents match, the counter is decremented, and
when TRDCNT _1 underflows, the counter is incremented. In GRA_0, GRA_1, and GRB_1,
compare match is carried out in the order of TRDCNT_0 — TRDCNT_1 —» TRDCNT_1 —
TRDCNT_0 and PWM waveform is output, during one cycle of a up/down counter. In this mode,
the initial setting will be TRDCNT_0 > TRDCNT _1.

TRDCNT values )
A /THDCNT_O and GRA_O are compared and their contents match

GRA_D | === - oo oo A - oo o oo s

GRB_O |----------- G- N N /('

GRA_1 |------ -

FTIOB1 |

FTIOD1 —|

FTIOCO

I O s L
GRBL1 [t demm oo e NN S SRERE
H0000 Kottt > Time
A S O T S
A e AR R R L
—_—— ! —————
FToDo ¢ ! E SR :
FTIOAT |1 E A E
—— : e — :
—=— : o :
FTIOC1 ! ! : RN :

Figure 14.34 Example of Complementary PWM M ode Operation (1)
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Figure 14.35 shows an example of PWM waveform output with 0% duty and 100% duty in
complementary PWM mode (for one phase).

In this figure, GRB_O is set to a value equal to or greater than GRA_0 and H'0000. The waveform
with a duty cycle of 0% and 100% can be output. When buffer operation is used together, the duty
cycles can easily be changed, including the above settings, during operation. For details on buffer
operation, refer to section 14.4.9, Buffer Operation.

TRDCNT values
A

GRB_O F-//-----

H'0000

"IN A PATAN

FTIODO—l

> Time

TRDCNT values
A

GRA_O

GRB_O |- /f-----

0% duty
-

(a) When duty is 0%

H'0000 L

FTIOBO_;J_
_|

FTIODO

> Time

100% duty
————————P

(b) When duty is 100%

Figure 14.35 Example of Complementary PWM M ode Operation (2)
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In complementary PWM mode, when the counter switches from up-counter to down-counter or
vice versa, TRDCNT_0 and TRDCNT_1 overshoots or undershoots, respectively. In this case, the
conditions to set the IMFA flag in channel 0 and the UDF flag in channel 1 differ from usual
settings. Also, the transfer conditions in buffer operation differ from usual settings. Such timings
are shown in figures 14.36 and 14.37.

TRDCNT X N-1 X N X N+1 X N X N-1

GRA_0 N

IMFA I_gg

Setto 1

Buffer transfer |'9'|
signal
GR X

@

Flag is not set

-

J—

Transferred \/
to buffer Not transferred
to buffer

Figure14.36 Timing of Overshooting

TRDCNT X H'0001 X H'0000 X H'FFFFX H'OOOOX H'0001

Flag is not set
UDF N\
_/

Set to 1

Buffer transfer re_l
signal

oR X
Transferred \/
to buffer
Not transferred
to buffer

Figure 14.37 Timing of Undershooting
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When the counter is incremented or decremented, the IMFA flag of channel O is set to 1, and when
the register is underflowed, the UDF flag of channel O is set to 1. After buffer operation has been
designated for GR, the value in the buffer registers is transferred to GR when the counter is
incremented by compare match AO or when TRDCNT _1 is underflowed. If the ¢ or ¢/2 clock is
selected by TPSC2 to TPSCO bits, the OVF flag is not set to 1 at the timing that the counter value
changes from H'FFFF to H'0000.

(3) Setting GR Valuein Complementary PWM Mode

To set the general register (GR) or modify GR during operation in complementary PWM mode,
refer to the following notes.

1. Initial value
— H'0000 to T — 1 (T: Initial value of TRDCNT_0) must not be set for the initial value.
— GRA_0 - (T - 1) or more must not be set for the initial value.

— When using buffer operation, the same values must be set in the buffer registers and
corresponding general registers.

2. Modifying the setting value

— Use the buffer operation to change the GR value. If the GR value is changed by writing to
it directly, the intended waveform may not be output.

— Do not change settings of GRA_0 during operation.
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1448 PWM3 Mode Operation

In PWM3 mode, single-phase PWM waveforms can be output using TRDCNT_0. The waveform
does not overlap its counter-phase waveform.

When the PWM3 mode is selected, the FTIOAO and FTIOBO pins are automatically set to output
pins for the PWM function using TRDCNT_0 regardless of the TRDPMR value. The waveform is
output on a GRA_0, GRA_1, GRB_0, or GRB_1 compare match according to bits TOAOQ and
TOBO in TRDOCR.

e  When TOAO =0, 1 is output on a compare match of GRA_1 and 0 is output on a compare
match of GRA_O on the FTIOAO pin.

e When TOAO = 1, 0 is output on a compare match of GRA_1 and 1 is output on a compare
match of GRA_O on the FTIOAO pin.

e  When TOBO =0, 1 is output on a compare match of GRB_1 and 0 is output on a compare
match of GRB_0 on the FTIOBO pin.

e  When TOBO = 1, 0 is output on a compare match of GRB_1 and 1 is output on a compare
match of GRB_0 on the FTIOBO pin.

Table 14.9 lists the correspondence between pin functions and GR registers, figure 14.38 shows a
block diagram in PWM3 mode, and figure 14.39 shows a flowchart of setting in PWM3 mode.

When the buffer operation is used, set TRDMDR. The timer input/output pins, which are not used
in PWM3 mode, can be used as general port pins. When the buffer operation is not set, since GRC
or GRD is not used, a compare match interrupt can be generated when GRC or GRD matches with
TRDCNT_L1.
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Table14.9 Pin Configuration in PWM3 Mode and GR Registers

Compare Match

Channel Pin Name Input/Output Register Buffer Register
0 FTIOAO Output GRA_O GRC_0
GRA_1 GRC_1
FTIOBO GRB_0 GRD_0
GRB_1 GRD_1
FTIOCO /10 General I/O port  General 1/0O port
FTIODO
1 FTIOA1
FTIOB1
FTIOC1
FTIOD1
Compare match signal :
J | TRDCNT_O I——>| Comparator |<—| GRA_O
FTIOAD O<—r Sg,:% - Compare match signal |
'—>| Comparator |<—| GRA_1 |<—
Compare match signal | j
J —Pl Comparator |<—| GRB_0
FTIOB0 0e—| Output

control | ¢

Compare match signal

|
—>| Comparator |<—| GRB_1

/X

GRD_1

Figure 14.38 Block Diagram in PWM3 Mode
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(

PWM mode 3

)

Select counter clock

Select counter clearing source

Set PWM mode 3

Set output level

Select buffer operation

Set GR

1

Enable waveform output

Start counter operation

[2]

(2]
[3]

(3]
[4]

(4]
[5]

(5]
[6]

6]
[7]

(71
[8]

<PWM mode 3>

8]

Select the counter clock with bits TPSC2
to TPSCO in TRDCR. When an external
clock is selected, select the external
clock edge with bits CKEG1 and CKEGO
in TRDCR.

Use bits CCLR2 to CCLRO in TRDCR to
select counter clearing source GRA_O.

Select PWM mode 3 with bit PWM3 in
TRDFCR.

Set output levels with bits TOBO and
TOAO in TRDOCR.

Set the GR buffer operation with bits
BFCO0, BFC1, BFDO, and TOD1 in
TRDMDR.

Set a cycle in GRA. Set the duty cycle in
other GR registers.

Enable or disable the timer output by
TRDOER.

Set the STR bit in TRDSTR to 1 and start
the counter operation.

Figure 14.39 Flowchart of Settingin PWM3 Mode
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Figure 14.40 is an example when non-overlapped pulses are output on pins FTTOAO and FTIOBO.
In this example, TRDCNT_O functions as a periodic counter which is cleared on compare match
A0 (bits CCLR2 to CCLRO in TRDCR_O are set to B'001), and PWM3 mode is selected (bit
PWM3 in TRDFCR is cleared to 0). The cycle of the pulse is arbitrary.

TRDCNT value Counter cleared on GRA_0
A compare match

o

GRA O oo A -

GRA 1 oo A A
GRB_O [-------opfobomommn e [ R RS RREEE EEEE

GRB_1 { oo dentenans A A deoooo- S--
H'0000 “— — e — ; — . > Time

FTIOAO E : 5 | 5

Figure 14.40 Example of Non-Overlap Pulses
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14.4.9 Buffer Operation

Buffer operation differs depending on whether GR has been designated for an input capture

register or an output compare register, or in reset synchronous PWM mode or complementary
PWM mode.

Table 14.10 shows the register combinations used in buffer operation.

Table 14.10 Register Combinationsin Buffer Operation

General Register (GR) Buffer Register
GRA GRC
GRB GRD

(1) When GR isan Output Compare Register

When a compare match occurs, the value in GR of the corresponding channel is transferred to the
general register.

This operation is illustrated in figure 14.41.

Compare match signal

General Comparator TRDCNT

Buffer register .
register e N

Figure14.41 Compare Match Buffer Operation
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(2) When GRisan Input Capture Register

When an input capture occurs, the value in TRDCNT is transferred to GR and the value previously
stored in the general register is transferred to the buffer register.

This operation is illustrated in figure 14.42.

Input capture

> |

General TRDCNT
| register

Buffer register

Figure 14.42 |Input Capture Buffer Operation
(3) PWM3Mode
When compare match AO occurs, the value of the buffer register is transferred to GR.
(49) Complementary PWM Mode

When the counter switches from counting up to counting down or vice versa, the value of the
buffer register is transferred to GR. Here, the value of the buffer register is transferred to GR in the
following timing:

e When TRDCNT_0 and GRA_0 are compared and their contents match
e When TRDCNT._1 underflows

(5) Reset Synchronous PWM Mode

When compare match AO occurs, the value in the buffer register is transferred to GR.
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(6) Example of Buffer Operation Setting Procedure

Figure 14.43 shows an example of the buffer operation setting procedure.

Buffer operation
( P ) [1] Designate GR as an input capture register or
| output compare register by means of TRDIOR.

Select GR function [1] [2] Designate GR for buffer operation with bits
T BFD1, BFC1, BFDO, or BFCO in TRDMDR.

Set buffer operation

Start count operation [3]

[2] [3] Setthe STR bitin TRDSTR to 1 to start the
count operation of TRDCNT.

<Buffer operation>

Figure 14.43 Example of Buffer Operation Setting Procedure
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()

Examples of Buffer Operation

Figure 14.44 shows an operation example in which GRA has been designated as an output
compare register, and buffer operation has been designated for GRA and GRC.

This is an example of TRDCNT operating as a periodic counter cleared by compare match B.

Pins FTIOA and FTIOB are set for toggle output by compare match A and B.

As buffer operation has been set, when compare match A occurs, the FTIOA pin performs toggle
outputs and the value in buffer register is simultaneously transferred to the general register. This
operation is repeated each time that compare match A occurs.

The timing to transfer data is shown in figure 14.45.

TRDCNT value

GRB

H'0250
H'0200

H'0100

H'0000

GRC

GRA

FTIOB

FTIOA

A

.................

Counter is cleared by GBR compare match

» Time

H'0200 E >€

H'0200

H'0250

H'0200

bt

Compare match A

Figure 14.44 Example of Buffer Operation (1)

(Buffer Operation for Output Compare Register)
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¢ S I I I

TRDCNT n

n+1

Compare match
signal

signal

GRC

GRA n

X

[ ]

Buffer transfer I_l
N
X

Figure 14.45 Example of Compare Match Timing for Buffer Operation

Figure 14.46 shows an operation example in which GRA has been designated as an input capture

register, and buffer operation has been designated for GRA and GRC.

Counter clearing by input capture B has been set for TRDCNT, and falling edges have been

selected as the FIOCB pin input capture input edge. And both rising and falling edges have been

selected as the FIOCA pin input capture input edge.

As buffer operation has been set, when the TRDCNT value is stored in GRA upon the occurrence
of input capture A, the value previously stored in GRA is simultaneously transferred to GRC. The

transfer timing is shown in figure 14.47.
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TRDCNT value )
A Counter is cleared by

H'0180 /the input capture B

H'O160 |- oo oo oo T o

H'0000

FTIOB

H'0005 === oo oo i AL eCEEEEE R

FTIOA 1 1

GRA . X H'0005 :X H'0160 EX
GRC X X H'0005 X H'0160

GRB :X X H'0180
; + +

Input capture A

Figure 14.46 Example of Buffer Operation (2)
(Buffer Operation for Input Capture Register)

FTIO pin | « [
)7
Input capture signal I | (

]

) $§

TRDCNT n ( n+1 (¢ N X N+t
(«
77

GRA

GRC

Figure 14.47 Input Capture Timing of Buffer Operation
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Figures 14.48 and 14.49 show the operation examples when buffer operation has been designated
for GRB_0 and GRD_0 in complementary PWM mode. These are examples when a PWM
waveform of 0% duty is created by using the buffer operation and performing GRD_0 > GRA_0.
Data is transferred from GRD_0 to GRB_0 according to the settings of CMD0 and CMD1 when
TRDCNT_0 and GRA_O are compared and their contents match or when TRDCNT_1 underflows.
However, when GRD_0 > GRA_O, data is transferred from GRD_0 to GRB_0 when TRDCNT _1
underflows regardless of the setting of CMDO0 and CMD1. When GRD_0 = H'0000, data is
transferred from GRD_0 to GRB_0 when TRDCNT_0 and GRA_0 are compared and their
contents match regardless of the settings of CMDO and CMD1.

GRB_0 (When restored, data will be transferred

TRDC:\:T values TRDCNT_0 to the saved location regardless of the
/ CMD1 and CMDO values)
GRAQ f--mcmmmm oo e S
TRDCNT_1 : :
H0999 |- ====54f--- I \ N ! R/ AS——
H'0000 . : . > Time
GRD_O H0999 ! ! X ; THFFF X H0999! n
GRB_O H0999 ! X EH'0999>< H1FFF ! x 11H0999
FTIOBO : - -

—d
I ' I

FTIODO |
Figure 14.48 Buffer Operation (3)

(Buffer Operation in Complementary PWM ModeCMD1=CMDO0=1)
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TRDCNT values TRDCNT 0 GRB_0 (When restored, data will be transferred

A - to the saved location regardless of the

CMD1 and CMDO values)
GRA_D [ --=mmmmmm e pcfmmmmm e T LT
8 TRDCNT_1 8
H'0999 |----- D s
H'0000 . — R s e Time
SR i "GRBO . | ::

GRD_O H0999! X ' HO000 ! X I liHO0999,
GRB_O H'0999; ! X ' H'0000 X | 1H0999: i

FTIOCO I

FTIODO

Figure 14.49 Buffer Operation (4)
(Buffer Operation in Complementary PWM Mode CMD1 =1, CMDO = 0)
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14.410 Timer RD Output Timing

The outputs of channels 0 and 1 can be disabled or inverted by the settings of TRDOER1 and
TRDOCR and the external level.

(1) Output Disable/Enable Timing of Timer RD by TRDOER1

Setting the master enable bit in TRDOERI1 to 1 disables the output of timer RD. By setting the
PCR and PDR of the corresponding I/O port beforehand, any value can be output. Figure 14.50
shows the timing to enable or disable the output of timer RD by TRDOERI.

3
———p|
; niingiiliinligininl

Address bus X TRDOER{ address X

TRDOERT 0 X 1
Timer RI_D Timer output D( 1/0 port
output pin :

Timer RD output;  1/O port

—_—
'

Figure14.50 Example of Output Disable Timing of Timer RD by Writingto TRDOER1
(2) Output Disable Timing of Timer RD by External Trigger

When PH5/TRDOI_O (or PH6/TRDOI_1) is set as a TRDOI input pin, and low level is input to
TRDOI, the master enable bit in TRDOERI1 is set to 1 and the output of timer RD will be disabled.

é
|

TRDOI | {6 |
(1 (1
TRDOERH1 o X ! O
Timer RD Timer RD output X ) 1/0 port
output pin \ (G
e e—
Timer RD output | I/O port

Figure14.51 Example of Output Disable Timing of Timer RD by External Trigger
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(3) Output Inverse Timing by TRDFCR

The output level can be inverted by inverting the OLS1 and OLSO bits in TRDFCR in reset
synchronous PWM mode or complementary PWM mode. Figure 14.52 shows the timing.

N slinlipligiigligligl

Address bus X TRDOERT1 address X
TRDFCR X

Timer RD X
output pin

Inverted

Figure 14.52 Example of Output Inverse Timing of Timer RD by Writingto TRDFCR
(4) Output Inverse Timing by POCR

The output level can be inverted by inverting the POLD, POLC, and POLB bits in POCR in PWM
mode. Figure 14.53 shows the timing.

T1 T2 Ts Ta
I D D

¢ S I I O
Address bus X POCR address X
TRDFCR X

Timer RD X
output pin

Inverted

Figure 14.53 Example of Output Inverse Timing of Timer RD by Writingto POCR
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14411 Digital Filtering Function for Input Capture Inputs

Input signals on the FTIOA to FTIOD pins can be input via the digital filters. The digital filter
includes three latches connected in series and a matching detecting circuit. The latches operate on
the sampling clock specified by bits DFCK1 and DFCKO in TRDDF and stores an input signal on
the FTIOA to FTIOD pins. When outputs of the three latches match, the matching detecting circuit
outputs the signal level of the input. Otherwise, the output remains unchanged. That is, when a
pulse width is equal to or greater than three sampling clock cycles, the pulse is input as a signal.
When a pulse width is less than three sampling clock cycles, the pulse is considered as a noise to
be removed.

TPSC2 to DFCK1 and
TPSCO DFCK2
FTIOAO (TCLK) —»| 0/32—>]
$40M —»} /8 —»]
$/32 —> O— ]
/8 —>
/4 —]
02 —pf i I0A1, IOAOQ,
o Sampling clock DFA to DFD 10D1, and I0DO
— ‘ |
C C C C Matching Edge
FTIOA to FTIOD D QpF*D Q D Q D Q |—> detecting |—>{ Selecter |—>{ detecting |—>
Latch Latch Latch Latch circuit circuit
l o, $40M r
C
D Q
Latch
Cycle of a clock specified by
TPSC2 to TPSCO or DFCK1
and DFCKO
FTIOA to FTIOD . . ! — —_—
input signals | I | | j |
Digital-filtered signal N N ‘ |

Signal propagation delay:
5 sampling clocks
Signal change is not output unless
signal levels match three times.

Figure 14.54 Block Diagram of Digital Filter
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14.4.12 Function of Changing Output Pinsfor GR

With the settings of bits [OC3 and I0D3 in TRDIORC, pins for outputs of compare match signals
for GRC and GRD can be changed from the FTIOC and FTIOD pins to the FTIOA and FTIOB
pins. This means that the compare match A signal ORed with the compare match C signal can be
output on the FTTOA pin. The compare match B ORed with the compare match D signal can be
output on the FTIOB pin. Figure 14.55 is a block diagram of this function. The setting for channel
0 is independent of that for channel 1.

Channel 0

Compare match signal

Output

FTIOAO O

FTIOCO O

control

FTIOBO O

ITRDCNT70|

|
’—>|Comparator|<—|

FTIODO O

FTIOA1 O

Compare match signal

<—<L GRA_O |
_ Compare match signal
Outf;utI o |
contro —>|Comparator|<—| GRC_0 |
Compare match signal
Output |
control <_<L —PlComparator|<—| GRB_0 |
_ Compare match signal
Outf)utI o |
contro —>|Comparator|<—| GRD_0 |
Channel 1

Output

FTIOC1 O

control

FTIOB1 O

control

_ Compare match signal
o

ITF{DCNTJ |

'—>| Comparator|<—|

GRA_1 |

Output o

Compare match signal

’—>|Comparator|<—|

GRC_1 |

Output

FTIOD1 O

control

Output

control

|
—>|Comparator|<—|

GRB_1 |

_ Compare match signal

—>|Comparator|<—|

GRD_1 |

Figure 14.55 Block Diagram of Output Pinsfor GR
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Figure 14.56 is an example when non-overlapped pulses are output on pins FTTOAO and FTIOBO.
In this example, TRDCNT_O functions as a periodic counter which is cleared on compare match
AO (bits CCLR2 to CCLRO in TRDCR_0 are set to B'001), an output signal is toggled on compare
match A (bits IOA2 to IOAO in TRDIORA_1 are set to B'011), the output signal on the FTIOA
pin is toggled on compare match C (GRC_0) (bits IOC3 to IOCO in TRDIORC_1 are set to
B'0X11), an output signal is toggled on compare match B (GRB_0) (bits IOB2 to IOBO in
TRDIORA_1), and the output signal on the FTIOB pin is toggled on compare match D (GRD_0)
(bits IOD3 to IODO0 in TRDIORC_1) are set to B'0X11). The cycle of the pulse is arbitrary.

Similarly, figure 14.57 is an example when non-overlapped pulses are output using TRDCNT_1.

TRDCNT value
A Counter cleared on GRA_0

HFFFE | o mmooeee / comparematch
GRA_0 B e I

GRC O|ocoeeeee 2 A A
GRB_O {------- /%~ ERRakt EEEEEEES SGERREEREE EEEEEES SEREEEEE EEEEE

GRD_O|_ - . P - A A
H'0000 “— — “— — “ — . > Time

FTIOAO

oo [0 L1

Figure 14.56 Example of Non-Overlapped Pulses Output on Pins FTIOAO and FTIOBO
(TRDCNT_O Used)

TRDC":‘T value Counter cleared on GRA_1
compare match
HFFFF - - e mee oo T Tmmmmmmmmeme oo EEREEE

GRA A | oo Ko . o

GRC A oo A
GRB_1 [------ "~ R EEEEEELS GERREEEEE EEEEEELS SEREEEEE EEREE

GRD_1| 7. U S T R SN S
H'0000 <~ — - — - — . > Time

FTIOAT 1 : E : 5

o0 e T e E ] e E

Figure 14.57 Example of Non-Overlapped Pulses Output on PinsFTIOA1 and FTIOB1
(TRDCNT_1 Used)
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145 Interrupt Sources

There are three kinds of timer RD interrupt sources; input capture/compare match, overflow, and
underflow. An interrupt is requested when the corresponding interrupt request flag is set to 1 while
the corresponding interrupt enable bit is set to 1.

1451 StatusFlag Set Timing
(1) IMF Flag Set Timing

The IMF flag is set to 1 by the compare match signal that is generated when the GR matches with
the TRDCNT. The compare match signal is generated at the last state of matching (timing to
update the counter value when the GR and TRDCNT match). Therefore, when the TRDCNT and
GR matches, the compare match signal will not be generated until the TRDCNT input clock is
generated. Figure 14.58 shows the timing to set the IMF flag.

. SN I I
TRDCNT input clock 4,_|

TRDCNT N X N+1

GR N

Compare match 4,_|

signal

IMF

ITMRD

Figure14.58 IMF Flag Set Timing when Compare Match Occurs
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(2) IMF Flag Set Timing at Input Capture

When an input capture signal is generated, the IMF flag is set to 1 and the value of TRDCNT is
simultaneously transferred to corresponding GR. Figure 14.59 shows the timing.

; S N I I
Input capture | |

signal

IMF |

TRDCNT N

. N4 N

ITMRD |

Figure14.59 IMF Flag Set Timing at I nput Capture
(3) Overflow Flag (OVF) Set Timing

The overflow flag is set to 1 when the TRDCNT overflows. Figure 14.60 shows the timing.

TRDCNT H'FFFF >< H'0000
Overflow signal | |
OVF |
ITMRD |

Figure14.60 OVF Flag Set Timing
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145.2 StatusFlag Clearing Timing

The status flag can be cleared by writing O after reading 1 from the CPU. Figure 14.61 shows the
timing in this case.

Address >< TRDSR address ><
WTRDSR I_l

(internal write signal)

IMF, OVF |

ITMRD |

Figure14.61 StatusFlag Clearing Timing

146  Usage Notes
(1) Input Pulse Width of Input Clock Signal and Input Capture Signal

The pulse width of the input clock signal and the input capture signal must be at least three system
clock (¢) cycles when bits TPSC2 to TPSCO in TRDCR = B'0XX or B'10X, or at least three on-
chip oscillator clock ($40M) cycles when B'110; shorter pulses will not be detected correctly.
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(2) Conflict between TRDCNT Writeand Clear Operations

If a counter clear signal is generated in the T, state of a TRDCNT write cycle, TRDCNT clearing
has priority and the TRDCNT write is not performed. Figure 14.62 shows the timing in this case.

TRDCNT write cycle
T, T, Ty T, |
|[—fe——{—>|a—]
o S N I
Address bus X TRDCNT address X

WTRDCNT
(internal write signal)

Counter clear signal | |

TRDCNT N H'0000

Clearing has priority.

Figure14.62 Conflict between TRDCNT Write and Clear Operations
(3) Conflict between TRDCNT Write and Increment Operations

If TRDCNT is incremented in the T, state of a TRDCNT write cycle, writing has priority. Figure
14.63 shows the timing in this case.

TRDCNT write cycle
T1 T2 Ts T4
[e—— e
; S N A I
Address bus X TRDCNT address

WTRDCNT

(internal write signal) I_l
[

TRDCNT input clock

TRDCNT N >< o M
TRDCNT write data

Figure 14.63 Conflict between TRDCNT Write and I ncrement Operations
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(4) Conflict between GR Write and Compare Match

If a compare match occurs in the T, state of a GR write cycle, GR write has priority and the
compare match signal is disabled. Figure 14.64 shows the timing in this case.

GR write cycle

T, T, Ty T,
Address bus X GR address X
WTRDCNT
(internal write signal) | |
TRDCNT N X N+1
GR N X /M

GR write data
Compare match '
signal

Figure14.64 Conflict between GR Writeand Compare Match
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(5) Conflict between TRDCNT Write and Overflow/Under flow

If overflow/underflow occurs in the T, state of a TRDCNT write cycle, TRDCNT write has
priority without an increment operation. At this time, the OVF flag is set to 1. Figure 14.65 shows
the timing in this case.

TRDCNT write cycle
T Ty Ts Ty |
' Splplpliplipiiplipininl
Address bus X TRDCNT address

WTRDCNT
(internal write signal)

TRDCNT input clock

J L

Overflow signal

TRDCNT H'FFFF >< o M
TRDCNT write data

OVF |

Figure 14.65 Conflict between TRDCNT Write and Overflow
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(6) Conflict between GR Read and | nput Capture

If an input capture signal is generated in the T, state of a GR read cycle, the data that is read will
be transferred before input capture transfer. Figure 14.66 shows the timing in this case.

GR read cycle
T, T, Ty T,

: Hplipglniininlinliginlinl

Address bus X GR address X

Internal read | |

signal

Input capture
signal

GR X X M
\
/

Internal data /
bus \ X

Figure14.66 Conflict between GR Read and Input Capture
(7) Conflict between Count Clearing and Increment Operations by I nput Capture

If an input capture and increment signals are simultaneously generated, count clearing by the input
capture operation has priority without an increment operation. The TRDCNT contents before
clearing counter are transferred to GR. Figure 14.67 shows the timing in this case.

o S I I I

Input capture
signal

Counter clear

—
signal [ ]

TRDONT input .

TRDCNT N X H'0000
GR >< N

Clearing has priority.

Figure 14.67 Conflict between Count Clearing and I ncrement Operations
by Input Capture
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(8) Conflict between GR Write and Input Capture

If an input capture signal is generated in the T, state of a GR write cycle, the input capture
operation has priority and the write to GR is not performed. Figure 14.68 shows the timing in this
case.

GR write cycle

T1 T2 TS T4
' Epiginiialinlingliginlinl
Address bus >< GR address

WGR
(internal write signal)

signal

TRDCNT N

X

[

Input capture I_l
X

GR Mw

GR write data

Figure 14.68 Conflict between GR Writeand Input Capture
(9) Noteson Setting Reset Synchronous PWM M ode/Complementary PWM M ode
When bits CMD1 and CMDO in TRDFCR are set, note the following:

e  Write bits CMD1 and CMDO while TRDCNT_1 and TRDCNT_0 are halted.

¢ Changing the settings of reset synchronous PWM mode to complementary PWM mode or vice
versa is disabled. Set reset synchronous PWM mode or complementary PWM mode after the
normal operation (bits CMD1 and CMDO are cleared to 0) has been set.
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(10) Noteon Writingtothe TOAOto TODO Bitsand the TOA1to TOD1 Bitsin TRDOCR

The TOAO to TODO bits and the TOA1 to TODI1 bits in TRDOCR decide the value of the FTIO
pin, which is output until the first compare match occurs. Once a compare match occurs and this
compare match changes the values of FTIOAO to FTIODO and FTIOA1 to FTIODI1 output, the
values of the FTIOAO to FTIODO and FTIOA1 to FTIOD1 pin output and the values read from the
TOAO to TODO and TOA1 to TOD1 bits may differ. Moreover, when the writing to TRDOCR
and the generation of the compare match A0 to DO and A1 to D1 occur at the same timing, the
writing to TRDOCR has the priority. Thus, output change due to the compare match is not
reflected to the FTIOAO to FTIODO and FTIOA1 to FTIOD1 pins. Therefore, when bit
manipulation instruction is used to write to TRDOCR, the values of the FTIOAO to FTIODO and
FTIOA1 to FTIOD1 pin output may result in an unexpected result. When TRDOCR s to be
written to while compare match is operating, stop the counter once before accessing to TRDOCR,
read the port 6 state to reflect the values of FTIOAO to FTIODO and FTIOA1 to FTIODI output,
to TOAO to TODO and TOA1 to TODI1, and then restart the counter. Figure 14.69 shows an
example when the compare match and the bit manipulation instruction to TRDOCR occur at the
same timing.
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TRDOCR has been set to H'06. Compare match BO and compare match CO are used. The FTIOBO pin is in the 1
output state, and is set to the toggle output or the 0 output by compare match BO.

When BCLR#2, @ TRDOCR is executed to clear the TOCO bit (the FTIOCO signal is low) and compare match BO
occurs at the same timing as shown below, the H'02 writing to TRDOCR has priority and compare match B0 does
not drive the FTIOBO signal low; the FTIOBO signal remains high.

Bit 7 6 5 4 3 2 1 0
TRDOCR  TOD1 TOCH TOB1 TOA1 TODO TOCO TOBO TOAO
Set value 0 0 0 0 0 1 1 0

BCLR#2, @ TRDOCR

(1) TRDOCR read operation: Read H'06
(2) Modify operation: Modify H'06 to H'02
(3) Write operation to TRDOCR: Write H'02

[

TRDOCR
write signal

Compare match
signal BO

FTIOBO pin

L P Expected
output

Remains high because the 1 writing to TOB has priority

Figure14.69 When Compare Match and Bit Manipulation Instruction to TRDOCR
Occur at the Same Timing
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Section 15 Watchdog Timer

The watchdog timer is an 8-bit timer that can generate an internal reset signal for this LST if a
system crash prevents the CPU from writing to the timer counter, thus allowing it to overflow.

The block diagram of the watchdog timer is shown in figure 15.1.

WDT dedicated CLK TCSRWD - >~
internal oscillator
T B
e}
_S
< > ©
o ——»] PSS TCWD Tl o
g
o
£

TMWD ] o
[Legend] L Internal reset

TCSRWD: Timer control/status register WD signal
TCWD: Timer counter WD
PSS: Prescaler S

TMWD:  Timer mode register WD

Figure15.1 Block Diagram of Watchdog Timer

151 Features

Selectable from nine counter input clocks.

Eight clock sources (¢/64, $/128, $/256, ¢/512, /1024, $/2048, $¢/4096, and ¢/8192) or the
WDT dedicated internal oscillator can be selected as the timer-counter clock. When the WDT
dedicated internal oscillator is selected, it can operate as the watchdog timer in any operating
mode.

Reset signal generated on counter overflow

An overflow period of 1 to 256 times the selected clock can be set.

The watchdog timer is enabled in the initial state.

It starts operating after the reset state is lifted.
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15.2  Register Descriptions

The watchdog timer has the following registers.

e Timer control/status register WD (TCSRWD)

e Timer counter WD (TCWD)

e Timer mode register WD (TMWD)

1521 Timer Control/Status Register WD (TCSRWD)

TCSRWD performs the TCSRWD and TCWD write control. TCSRWD also controls the
watchdog timer operation and indicates the operating state. TCSRWD must be rewritten by using
the MOV instruction. The bit manipulation instruction cannot be used to change the setting value.

Initial
Bit Bit Name Value R/W Description
7 B6WI 1 R/W Bit 6 Write Inhibit
The TCWE bit can be written only when the write value of
the B6WI bit is 0.
This bit is always read as 1.
6 TCWE 0 R/W Timer Counter WD Write Enable
TCWD can be written when the TCWE bit is set to 1.
When writing data to this bit, the value for bit 7 must be 0.
5 B4WI 1 R/W Bit 4 Write Inhibit
The TCSRWE bit can be written only when the write
value of the B4WI bit is 0. This bit is always read as 1.
4 TCSRWE 0 R/W Timer Control/Status Register WD Write Enable
The WDON and WRST bits can be written when the
TCSRWE bit is set to 1.
When writing data to this bit, the value for bit 5 must be 0.
3 B2WI 1 R/W Bit 2 Write Inhibit

This bit can be written to the WDON bit only when the
write value of the B2WI bit is 0.

This bit is always read as 1.
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Initial
Bit Bit Name Value R/W Description
2 WDON 1 R/W Watchdog Timer On
TCWD starts counting up when the WDON bit is set to 1
and halts when the WDON bit is cleared to 0. The
watchdog timer is enabled in the initial state. When the
watchdog timer is not used, clear the WDON bit to 0.
[Setting conditions]
o Reset
e When 1 is written to the WDON bit and 0 is written to
the B2WI bit while the TCSRWE bit = 1
[Clearing condition]
e When 0 is written to the WDON bit and 0 is written to
the B2WI bit while the TCSRWE bit = 1
1 BOWI 1 R/W Bit 0 Write Inhibit
This bit can be written to the WRST bit only when the
write value of the BOWI bit is 0. This bit is always read as
1.
0 WRST 0 R/W Watchdog Timer Reset

[Setting condition]

e When TCWD overflows and an internal reset signal is
generated

[Clearing conditions]

e Reset by the RES pin

e When 0 is written to the WRST bit and 0 is written to
the BOWI bit while the TCSRWE bit = 1
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1522 Timer Counter WD (TCWD)

TCWD is an 8-bit readable/writable up-counter. When TCWD overflows from H'FF to H'00, the
internal reset signal is generated and the WRST bit in TCSRWD is set to 1. TCWD is initialized to
H'00.

1523 Timer Mode Register WD (TMWD)

TMWD selects the input clock.

Initial
Bit Bit Name Value R/W Description

7t04 — All 1 — Reserved
These bits are always read as 1.

CKS3
CKS2
CKSH1
CKS0

R/W Clock Select3t0 0

R/W Select the clock to be input to TCWD.

R/W 1000: Internal clock: counts on ¢/64

R/W 1001: Internal clock: counts on ¢/128
1010: Internal clock: counts on ¢/256

o = N W
_

1011: Internal clock: counts on ¢/512
1100: Internal clock: counts on ¢/1024
1101: Internal clock: counts on ¢/2048
1110: Internal clock: counts on $/4096
1111: Internal clock: counts on $8192
0XXX: WDT dedicated internal oscillator

For the overflow periods of the WDT dedicated internal
oscillator, see section 23, Electrical Characteristics.

[Legend]
X: Don't care
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153 Operation

The watchdog timer is provided with an 8-bit counter. After the reset state is released, TCWD
starts counting up. When the TCWD count value overflows H'FF, an internal reset signal is
generated. The internal reset signal is output for a period of 256 ¢, clock cycles. As TCWD is a
writable counter, it starts counting from the value set in TCWD. An overflow period in the range
of 1 to 256 input clock cycles can therefore be set, according to the TCWD set value. When the
watchdog timer is not used, stop TCWD counting by writing O to B2WI and WDON
simultaneously while the TCSRWE bit in TCSRWD is set to 1. (To stop the watchdog timer, two
write accesses to TCSRWD are required.)

Figure 15.2 shows an example of watchdog timer operation.

Example: With 30ms overflow period when ¢ = 4 MHz

4% 10°
8192

x 30 x 1078 = 14.6

Therefore, 256 — 15 = 241 (H'F1) is set in TCW.

TCWD overflow

TCWD

H00 ------------- T --------------------- ---
T T T \
H'F1 written  H'F1 written to TCWD Reset generated
to TCWD
Internal reset I_l
signal

256 ¢pc clock cycles

Figure15.2 Watchdog Timer Operation Example
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Section 16 14-Bit PWM

The 14-bit PWM is a pulse division type PWM that can be used for electronic tuner control, etc.
Figure 16.1 shows a block diagram of the 14-bit PWM.

16.1 Features

e Choice of two conversion periods

A conversion period of 32768/¢ with a minimum modulation width of 2/¢, or a conversion
period of 16384/¢ with a minimum modulation width of 1/¢, can be selected.

e Pulse division method for less ripple

PWCR |
a
E
PWDRL - é
PWDRU < IS
Y
Y
o4 —> Egl PWM waveform =
o2 > generator > PWM
[Legend]
PWCR: PWM control register
PWDRL: PWM data register L
PWDRU: PWM data register U
PWM: PWM output pin
Figure16.1 Block Diagram of 14-Bit PWM
16.2  Input/Output Pin
Table 16.1 shows the 14-bit PWM pin configuration.
Table16.1 Pin Configuration
Name Abbreviation 1/0 Function
14-bit PWM square-wave output  PWM OQutput  14-bit PWM square-wave output pin
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16.3 Register Descriptions
The 14-bit PWM has the following registers.

e PWM control register (PWCR)
o PWM data register U (PWDRU)
e PWM data register L (PWDRL)

16.31 PWM Control Register (PWCR)

PWCR selects the conversion period.

Initial
Bit Bit Name Value R/W Description
7 — 1 — Reserved
6 — 1 — These bits are always read as 1, and cannot be
5 o 1 o modified.
4 — 1 —
3 — 1 —
2 — 1 —
1 — 1 —
0 PWCRO 0 R/W Clock Select

0: The input clock is ¢/2 (t¢ = 2/¢)

— The conversion period is 16384/¢, with a
minimum modulation width of 1/¢

1: The input clock is ¢/4 (thp = 4/9)

— The conversion period is 32768/¢, with a
minimum modulation width of 2/¢

[Legend] t¢: Period of PWM clock input
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16.3.2 PWM DataRegistersU, L (PWDRU, PWDRL)

PWDRU and PWDRL indicate high level width in one PWM waveform cycle. PWDRU and
PWDRL are 14-bit write-only registers, with the upper 6 bits assigned to PWDRU and the lower 8
bits to PWDRL. When read, all bits are always read as 1.

Both PWDRU and PWDRL are accessible only in bytes. Note that the operation is not guaranteed
if word access is performed. When 14-bit data is written in PWDRU and PWDRL, the contents
are latched in the PWM waveform generator and the PWM waveform generation data is updated.
When writing the 14-bit data, the order is as follows: PWDRL to PWDRU.

PWDRU and PWDRL are initialized to H'C000.

164 Operation
When using the 14-bit PWM, set the registers in this sequence:

1. Set the PWM bit in the port mode register 1 (PMR1) to set the P11/PWM pin to function as a
PWM output pin.

2. Set the PWCRO bit in PWCR to select a conversion period of either.

3. Set the output waveform data in PWDRU and PWDRL. Be sure to write byte data first to
PWDRL and then to PWDRU. When the data is written in PWDRU, the contents of these
registers are latched in the PWM waveform generator, and the PWM waveform generation
data is updated in synchronization with internal signals.

One conversion period consists of 64 pulses, as shown in figure 16.2. The total high-level width
during this period (T, corresponds to the data in PWDRU and PWDRL. This relation can be
expressed as follows:

T, = (data value in PWDRU and PWDRL + 64) x t¢/2

where t¢ is the period of PWM clock input: 2/¢ (bit PWCRO = 0) or 4/¢ (bit PWCRO = 1).
If the data value in PWDRU and PWDRL is from H'FFCO to HFFFF, the PWM output stays high.
When the data value is H'C000, T,, is calculated as follows:

T, =64 xt4/2=321t)
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Conversion period

tH1

tfe4

tH2

tH3

TH=tH1 +tH2+tH3 + - +tH64
tfl=tf2=tf3="--=t64

t H63

tHe4

Figure16.2 Waveform Output by 14-Bit PWM
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Section 17 Serial Communication Interface 3 (SCI3)

This LSI includes a serial communication interface 3 (SCI3), which has independent three
channels. The SCI3 can handle both asynchronous and clock synchronous serial communication.
In asynchronous mode, serial data communication can be carried out using standard asynchronous
communication chips such as a Universal Asynchronous Receiver/Transmitter (UART) or an
Asynchronous Communication Interface Adapter (ACIA). A function for serial communication
between multiple processors (multiprocessor communication function) is also provided.

Table 17.1 shows the SCI3 channel configuration and figure 17.1 shows a block diagram of the
SCI3. Since basic functions are identical for each of the three channels (SCI3, SCI3_2, and
SCI3_3), separate explanations are not given in this section.

17.1 Features

e Choice of asynchronous or clock synchronous serial communication mode
o Full-duplex communication capability

The transmitter and receiver are mutually independent, enabling transmission and reception to
be executed simultaneously.

Double-buffering is used in both the transmitter and the receiver, enabling continuous
transmission and continuous reception of serial data.

e On-chip baud rate generator allows any bit rate to be selected
e External clock or on-chip baud rate generator can be selected as a transfer clock source.
e Six interrupt sources

Transmit-end, transmit-data-empty, receive-data-full, overrun error, framing error, and parity
error.

e Noise canceller (only for SCI3_3)
Asynchronous mode:

e Data length: 7 or 8 bits

e Stop bit length: 1 or 2 bits

e Parity: Even, odd, or none

e Receive error detection: Parity, overrun, and framing errors

e Break detection: Break can be detected by reading the RXD pin level directly in the case of a
framing error
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Clock synchronous mode:

e Data length: 8 bits

e Receive error detection: Overrun errors

Table17.1 Channel Configuration

Register Noise
Channel Abbreviation Pin Register Address Canceller
Channel 1 SCI3** SCK3 SMR H'FFFFA8  None
_'?))((g BRR HFFFFAQ
SCR3 H'FFFFAA
TDR H'FFFFAB
SSR H'FFFFAC
RDR H'FFFFAD
RSR —
TSR —
Channel 2 SCI3_2 SCK3_2 SMR_2 H'FFF740  None
_Fr‘))((g:g BRR_2 HFFF741
SCR3_2 H'FFF742
TDR_2 H'FFF743
SSR_2 H'FFF744
RDR_2 H'FFF745
RSR_2 —
TSR_2 —
Channel 3 SCI3_3 SCK3_3 SMR_3 H'FFF600  Yes
?)’(‘g:g’ BRR_3 H'FFF601
SCR3_3 H'FFF602
TDR_3 H'FFF603
SSR_3 H'FFF604
RDR_3 H'FFF605
RSR_3 —
TSR_3 —
SMCR_3*' H'FFF608
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Note: 1. In addition to basic functions common in SCI3 and SCI3_2, SCI3_3 has the serial mode

control register (SMCR). SMCR controls noise canceling on the RXD_3 input signal,
PH2/TXD_3 pin function, and SCI3_3 module standby function.

2. The channel 1 of the SCI3 is used in on-board programming mode by boot mode.

Serial mode control register (SMCR)

Initial
Bit Bit Name Value R/W Description
7103 — Al — Reserved
These bits are always read as 1.
2 NFEN_3 O R/W  Noise Cancel Function Select
When COM in SMR is cleared to 0 and this bit is set to 1,
noise in the RXD_3 input signal is taken.
1 TXD_3 0 R/W  TXD_3 Pin Select
Selects PH2/TXD_3 pin function.
0: General input pin is selected
1: TXD_3 output pin is selected
0 MSTS3_3 0 R/W  SCI3_3 Module Standby

When this bit is set to 1, SCI3_3 enters in the standby state.

Noise canceller

The RXD_3 input signal is loaded internally via the noise canceller. The noise canceller
consists of three latch circuits and match detection circuit connected in series. The RXD_3
input signal is sampled on the basic clock with a frequency 16 times the transfer rate, and the
level is passed forward to the next circuit when outputs of three latches match. When the
outputs are not match, previous value is retained. In other word, when the same level is
retained more than three clocks, the input signal is acknowledged as a signal. When the level is
changed within three clocks, the change is acknowledged as not a signal change but noise.

Samplirlwg clock

Y ¥ ¥

c c c Match SCMR3 | | Internal RXD_3 signal

RXD_3 D Q D Q D Ql— >
inputsignaIT> Latch T Latch Latch |:tdetector |—>(NFEF_3) in figure 17.1

Internal basic clock

s interval
ampling FI h
clock I_I I_I I_I_

Block Diagram of Noise Canceller
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Interrupt request

External <«—> Internal clock (¢/64, $/16, ¢/4, ¢)
- LT e
SCk3o clock Baud rate generator
BRC < | BRR |+
Clock
<—| SMR |<—>
3
Transmit/receive o
control circuit <—| SCR3 I<—> @
©
—>| SSR |<—> g
k=
TXD Y Y
o—r— TSR — TDR |« =~
!
RXD O——»l RSR |_>| RDR |
[Legend]

RSR: Receive shift register
RDR: Receive data register
TSR: Transmit shift register
TDR: Transmit data register
SMR: Serial mode register
SCR3: Serial control register 3
SSR: Serial status register
BRR: Bit rate register

BRC: Bit rate counter

(TEI TXI, RXI, ERI)

Figure17.1 Block Diagram of SCI3

17.2  Input/Output Pins
Table 17.2 shows the SCI3 pin configuration.

Table17.2 Pin Configuration

Pin Name Abbreviation IO Function

SCI3 clock SCKS3 /10 SCI3 clock input/output
SCI3 receive data input RXD Input SCI3 receive data input
SCI3 transmit data output  TXD Output SCI3 transmit data output
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17.3  Register Descriptions
The SCI3 has the following registers for each channel.

e Receive shift register (RSR)

e Receive data register (RDR)

e Transmit shift register (TSR)

e Transmit data register (TDR)

e Serial mode register (SMR)

e Serial control register 3 (SCR3)

o Serial status register (SSR)

o Bit rate register (BRR)

e Serial mode control register 3 (SMCR3)

17.31 Receive Shift Register (RSR)

RSR is a shift register that is used to receive serial data input from the RXD pin and convert it into
parallel data. When one frame of data has been received, it is transferred to RDR automatically.
RSR cannot be directly accessed by the CPU.

17.3.2 Receive Data Register (RDR)

RDR is an 8-bit register that stores received data. When the SCI3 has received one frame of serial
data, it transfers the received serial data from RSR to RDR, where it is stored. After this, RSR is
receive-enabled. As RSR and RDR function as a double buffer in this way, continuous receive
operations are possible. After confirming that the RDRF bit in SSR is set to 1, read RDR only
once. RDR cannot be written to by the CPU. RDR is initialized to H'00.

17.3.3  Transmit Shift Register (TSR)

TSR is a shift register that transmits serial data. To perform serial data transmission, the SCI3 first
transfers transmit data from TDR to TSR automatically, then sends the data that starts from the
LSB to the TXD pin. TSR cannot be directly accessed by the CPU.
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17.34 Transmit Data Register (TDR)

TDR is an 8-bit register that stores data for transmission. When the SCI3 detects that TSR is
empty, it transfers the transmit data written in TDR to TSR and starts transmission. The double-
buffered structure of TDR and TSR enables continuous serial transmission. If the next transmit
data has already been written to TDR during transmission of one-frame data, the SCI3 transfers
the written data to TSR to continue transmission. To achieve reliable serial transmission, write
transmit data to TDR only once after confirming that the TDRE bit in SSR is set to 1. TDR is

initialized to H'FF.

17.35 Serial Mode Register (SMR)

SMR is used to set the SCI3's serial transfer format and select the baud rate generator clock

source.
Initial
Bit Bit Name Value R/W Description
7 COM 0 R/W  Communication Mode
0: Asynchronous mode
1: Clock synchronous mode
6 CHR 0 R/W  Character Length (enabled only in asynchronous mode)
0: Selects 8 bits as the data length.
1: Selects 7 bits as the data length.
5 PE 0 R/W  Parity Enable (enabled only in asynchronous mode)
When this bit is set to 1, the parity bit is added to transmit data
before transmission, and the parity bit is checked in reception.
4 PM 0 R/W  Parity Mode (enabled only when the PE bitis 1 in
asynchronous mode)
0: Selects even parity.
1: Selects odd parity.
3 STOP 0 R/W  Stop Bit Length (enabled only in asynchronous mode)

Selects the stop bit length in transmission.
0: 1 stop bit
1: 2 stop bits

For reception, only the first stop bit is checked, regardless of
the value in the bit. If the second stop bit is 0, it is treated as
the start bit of the next transmit character.

Rev. 1.50 Sep. 18,2007 Page 374 of 584

REJ09B0240-0150

RENESAS



Section 17 Serial Communication Interface 3 (SCI3)

Initial

Bit Bit Name Value R/W Description

2 MP 0 R/W  Multiprocessor Mode
When this bit is set to 1, the multiprocessor communication
function is enabled. The PE bit and PM bit settings are invalid
in multiprocessor mode. In clock synchronous mode, clear this
bit to 0.

CKSH1 0 R/W  Clock Select 0 and 1
0 CKSO0 0 R/W  These bits select the clock source for the baud rate generator.

00: ¢ clock (n =0)
01: ¢/4 clock (n = 1)
10: ¢/16 clock (n = 2)
11: ¢/64 clock (n = 3)

For the relationship between the bit rate register setting and
the baud rate, see section 17.3.8, Bit Rate Register (BRR). n
is the decimal representation of the value of n in BRR (see
section 17.3.8, Bit Rate Register (BRR)).

17.3.6  Serial Control Register 3 (SCR3)

SCR3 is a register that enables or disables SCI3 transfer operations and interrupt requests, and is
also used to select the transfer clock source. For details on interrupt requests, see section 17.7,

Interrupt Requests.

Initial
Bit Bit Name Value R/W Description
7 TIE 0 R/W Transmit Interrupt Enable
When this bit is set to 1, the TXI interrupt request is
enabled.
6 RIE 0 R/W Receive Interrupt Enable
When this bit is set to 1, RX| and ERI interrupt requests
are enabled.
5 TE 0 R/W Transmit Enable
When this bit s set to 1, transmission is enabled.
4 RE 0 R/W Receive Enable

When this bit is set to 1, reception is enabled.
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Bit

Bit Name

Initial
Value

R/W

Description

MPIE

0

R/W

Multiprocessor Interrupt Enable (enabled only when the
MP bit in SMR is 1 in asynchronous mode)

When this bit is set to 1, receive data in which the
multiprocessor bit is 0 is skipped, and setting of the
RDRF, FER, and OER status flags in SSR is disabled.
On receiving data in which the multiprocessor bit is 1,
this bit is automatically cleared and normal reception is
resumed. For details, see section 17.6, Multiprocessor
Communication Function.

2

TEIE

0

R/W

Transmit End Interrupt Enable

When this bit is set to 1, TEl interrupt request is
enabled.

CKEH1
CKEO

0
0

R/W
R/W

Clock Enable 0 and 1

Selects the clock source.

e Asynchronous mode

00: On-chip baud rate generator
01: On-chip baud rate generator

Outputs a clock of the same frequency as the bit
rate from the SCKS3 pin.

10: External clock

Inputs a clock with a frequency 16 times the bit rate
from the SCK3 pin.

11: Reserved

e Clock synchronous mode

00: On-chip clock (SCK3 pin functions as clock output)
01: Reserved

10: External clock (SCKS pin functions as clock input)
11: Reserved
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17.37  Serial Status Register (SSR)

SSR is a register containing status flags of the SCI3 and multiprocessor bits for transfer. 1 cannot
be written to flags TDRE, RDRF, OER, PER, and FER; they can only be cleared.

Initial
Bit Bit Name Value R/W Description
7 TDRE 1 R/W Transmit Data Register Empty

Indicates whether TDR contains transmit data.
[Setting conditions]
e When the TE bitin SCR3is 0
e When data is transferred from TDR to TSR
[Clearing conditions]
e When 0 is written to TDRE after reading TDRE = 1
¢ When the transmit data is written to TDR

6 RDRF 0 R/W Receive Data Register Full
Indicates that the received data is stored in RDR.

[Setting condition]
¢ When serial reception ends normally and receive
data is transferred from RSR to RDR
[Clearing conditions]
e When 0 is written to RDRF after reading RDRF = 1
e When data is read from RDR
5 OER 0 R/W Overrun Error
[Setting condition]

e When an overrun error occurs in reception
[Clearing condition]
e When 0 is written to OER after reading OER =1
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Bit Bit Name

Initial
Value R/W

Description

4 FER

0 R/W

Framing Error

[Setting condition]

e When a framing error occurs in reception
[Clearing condition]

e When 0 is written to FER after reading FER = 1

3 PER

Parity Error

[Setting condition]

e When a parity error is detected during reception
[Clearing condition]

e When 0 is written to PER after reading PER = 1

2 TEND

Transmit End

[Setting conditions]

e When the TE bitin SCR3is 0

e When TDRE = 1 at transmission of the last bit of a
1-frame serial transmit character

[Clearing conditions]

e When 0 is written to TDRE after reading TDRE = 1

¢ When the transmit data is written to TDR

1 MPBR

Multiprocessor Bit Receive

MPBR stores the multiprocessor bit in the receive
character data. When the RE bit in SCRS3 is cleared to
0, its state is retained.

0 MPBT

Multiprocessor Bit Transfer

MPBT stores the multiprocessor bit to be added to the
transmit character data.
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17.3.8 Bit Rate Register (BRR)

BRR is an 8-bit register that adjusts the bit rate. The initial value of BRR is H'FF. Table 17.3
shows the relationship between the N setting in BRR and the n setting in bits CKS1 and CKSO of
SMR in asynchronous mode. Table 17.4 shows the maximum bit rate for each frequency in
asynchronous mode. The values shown in both tables 17.3 and 17.4 are values in active (high-
speed) mode. Table 17.5 shows the relationship between the N setting in BRR and the n setting in
bits CKS1 and CKSO of SMR in clock synchronous mode. The values shown in table 17.5 are
values in active (high-speed) mode. The N setting in BRR and error for other operating
frequencies and bit rates can be obtained by the following formulas:

[Asynchronous M ode]

¢ 6
= %1051
64 x 221« B x

¢ x 108
(N + 1) x B x 64 x 2201

Error (%) ={ - 1} x 100

[Clock Synchronous M ode]

-0 1061
8x22-1x B

[Legend]

B: Bit rate (bit/s)

N: BRR setting for baud rate generator (0 < N < 255)
¢: Operating frequency (MHz)

n: CSK1 and CSKO settings in SMR (0 <n < 3)
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Table17.3 Examplesof BRR Settingsfor Various Bit Rates (Asynchronous M ode) (1)

Operating Frequency ¢ (MHz)

4 49152 5 6
Bit Rate Error Error Error Error
(bit/s) n N (%) n N (%) n N (%) n N (%)
110 2 70 0.03 2 86 0.31 2 88 -0.25 2 106 -0.44
150 1 207 0.16 1 255 0.00 2 64 0.16 2 77 0.16
300 1 103 0.16 1 127 0.00 1 129 0.16 1 155 0.16
600 0 207 0.16 0 255 0.00 1 64 0.16 1 77 0.16
1200 0 103 0.16 0 127 0.00 0 129 0.16 0 155 0.16
2400 0 51 0.16 0 63 0.00 0 64 0.16 0 77  0.16
4800 0 25 0.16 0 31  0.00 0 32 -1.36 0 38 0.16
9600 0 12 0.16 0 15 0.00 0 15 1.73 0 19 234
19200 0 —6.99 0 7 0.00 0 7 1.73 0 9 —2.34
31250 0 0.00 0 -1.70 0 4 0.00 0 5 0.00
38400 0 2 8.51 0 3 0.00 0 3 1.73 0 4 —2.34
Operating Frequency ¢ (MHz)
6.144 7.3728 8 9.8304
Bit Rate Error Error Error Error
(bit/s) n N (%) n N (%) n N (%) n N (%)
110 2 108 0.08 2 130 -0.07 2 141 0.03 2 174 -0.26
150 2 79 0.00 2 95 0.00 2 103 0.16 2 127 0.00
300 1 159 0.00 1 191 0.00 1 207 0.16 1 255 0.00
600 1 79 0.00 1 95 0.00 1 103 0.16 1 127 0.00
1200 0 159 0.00 0 191 0.00 0 207 0.16 0 255 0.00
2400 0 79 0.00 0 95 0.00 0 103 0.16 0 127 0.00
4800 0 39 0.00 0 47  0.00 0 51 0.16 0 63 0.00
9600 0 19 0.00 0 23 0.00 0 25 0.16 0 31 0.00
19200 0 0.00 0 11 0.00 0 12 0.16 0 15 0.00
31250 0 2.40 0 6 5.33 0 7 0.00 0 9 -1.70
38400 0 4 0.00 0 5 0.00 0 6 -6.99 0 7 0.00
[Legend]
—: A setting is available but error occurs
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Table17.3 Examplesof BRR Settingsfor Various Bit Rates (Asynchr onous Mode) (2)

Operating Frequency ¢ (MHz)

10 12 12.888 14
Bit Rate Error Error Error Error
(bit/s) n N (%) n N (%) n N (%) n N (%)
110 2 177 -0.25 2 212 0.03 2 217 0.08 2 248 -0.17
150 2 129 0.16 2 155 0.16 2 159 0.00 2 181 0.16
300 2 64 0.16 2 77 0.16 2 79 0.00 2 90 0.16
600 1 129 0.16 1 155 0.16 1 159 0.00 1 181 0.16
1200 1 64 0.16 1 77 0.16 1 79 0.00 1 90 0.16
2400 0 129 0.16 0 155 0.16 0 159 0.00 0 181 0.16
4800 0 64 0.16 0 77 0.16 0 79  0.00 0 90 0.16
9600 0 32 -1.36 0 38 0.16 0 39 0.00 0 45 -0.93
19200 0 15 1.73 0 19 234 0 19 0.00 0 22 -0.93
31250 0 9 0.00 0 11 0.00 0 11 2.40 0 13 0.00
38400 0 7 1.73 0 9 -2.34 0 9 0.00 —_ - —
Operating Frequency ¢ (MHz)
14.7456 16 18 20
Bit Rate Error Error Error Error
(bit/s) n N (%) n N (%) n N (%) n N (%)
110 3 64 0.70 3 70 0.08 3 79 -0.12 3 88 -0.25
150 2 191 0.00 2 207 0.16 2 233 0.16 3 64 0.16
300 2 95 0.00 2 103 0.16 2 116 0.16 2 129 0.16
600 1 191 0.00 1 207 0.16 1 233 0.16 2 64 0.16
1200 1 95 0.00 1 103 0.16 1 116 0.16 1 129 0.16
2400 0 191 0.00 0 207 0.16 0 233 0.16 1 64 0.16
4800 0 95 0.00 0 103 0.16 0 116 0.16 0 129 0.16
9600 0 47  0.00 0 51 0.16 0 58 -0.96 0 64 0.16
19200 0 23 0.00 0 25 0.16 0 28 1.02 0 32 -1.36
31250 0 14 -1.70 0 15 0.00 0 17 0.00 0 19 0.00
38400 0 11 0.00 0 12 0.16 0 14 234 0 15 1.73
[Legend]

—: A setting is available but error occurs
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Table17.4 Maximum Bit Rate for Each Frequency (Asynchronous M ode)

Maximum Bit Maximum Bit
¢ (MHz) Rate (bit/s) n N ¢ (MHz)  Rate (bit/s) n N
4 125000 0 0 12 375000 0 0
4.9152 153600 0 0 12.288 384000 0 0
5 156250 0 0 14 437500 0 0
6 187500 0 0 14.7456 460800 0 0
6.144 192000 0 0 16 500000 0 0
8 250000 0 0 17.2032 537600 0 0
9.8304 307200 0 0 18 562500 0 0
10 312500 0 0 20 625000 0 0

Table17.5 Examplesof BRR Settingsfor Various Bit Rates (Clock Synchronous M ode)
Operating Frequency ¢ (MHz)

Bit Rate 4 8 10 16 18 20
(bit/s) n N n N n N n N n N n N
110 — — — — — — — — — —
250 2 249 3 124 — — 3 249 — — — —
500 2 124 2 249 —_ - 3 124 3 140 3 155
1k 1 249 2 124 - - 2 249 3 69 3 77
2.5k 1 99 1 199 1 249 2 99 2 112 2 124
5k 0 199 1 99 1 124 1 199 1 224 1 249
10k 0 99 0 199 0 249 1 99 1 112 1 124
25k 0 39 0 79 0 99 0 159 0 179 0 199
50k 0 19 0 39 0 49 0 79 0 89 0 99
100k 0 9 0 19 0 24 0 39 0 44 0 49
250k 0 3 0 7 0 9 0 15 0 17 0 19
500k 0 1 0 3 0 4 0 7 0 8 0 9
M 0 0* 0 1 - — 0 3 0 4 0 4
2M 0 0* - — 0 1 —- - —- -
2.5M 0 0* —_- - - — 0 1
4M 0 0* - - - -
[Legend]

Blank: No setting is available.
—: A setting is available but error occurs.
*; Continuous transfer is not possible.
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174  Operation in Asynchronous Mode

Figure 17.2 shows the general format for asynchronous serial communication. One character (or
frame) consists of a start bit (low level), followed by data (in LSB-first order), a parity bit (high or
low level), and finally stop bits (high level). Inside the SCI3, the transmitter and receiver are
independent units, enabling full-duplex. Both the transmitter and the receiver also have a double-
buffered structure, so data can be read or written during transmission or reception, enabling
continuous data transfer.

LSB MSB 1
Serial | Start Transmit/receive data Parity Stop bit Mark state
data | bit bit
1 bit 7 or 8 bits 1 bit, 1or
ornone 2 bits
One unit of transfer data (character or frame)
< > |

Figure17.2 DataFormat in Asynchronous Communication

17.41 Clock

Either an internal clock generated by the on-chip baud rate generator or an external clock input at
the SCK3 pin can be selected as the SCI3's serial clock, according to the setting of the COM bit in
SMR and the CKEQ and CKEI bits in SCR3. When an external clock is input at the SCK3 pin, the
clock frequency should be 16 times the bit rate used.

When the SCI3 is operated on an internal clock, the clock can be output from the SCK3 pin. The
frequency of the clock output in this case is equal to the bit rate, and the phase is such that the
rising edge of the clock is in the middle of the transmit data, as shown in figure 17.3.

CIock|I|||I|I|||||||||||||||||||||||||

Serial data |0|DO|D1|D2|D3|D4|D5|D6|D7|O/1|1 1

1 character (frame) R

Figure17.3 Relationship between Output Clock and Transfer Data Phase
(Asynchronous M ode)(Example with 8-Bit Data, Parity, Two Stop Bits)
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17.4.2 SCIl3 Initialization

Before transmitting and receiving data, you should first clear the TE and RE bits in SCR3 to 0,
then initialize the SCI3 as described below. When the operating mode, or transfer format, is
changed for example, the TE and RE bits must be cleared to 0 before making the change using the
following procedure. When the TE bit is cleared to 0, the TDRE flag is set to 1. Note that clearing
the RE bit to 0 does not initialize the contents of the RDRF, PER, FER, and OER flags, or the
contents of RDR. When the external clock is used in asynchronous mode, the clock must be

supplied even during initialization.

( Start initialization

Clear TE and RE bits in SCR3 to 0

Set CKE1 and CKEO bits in SCR3

Set data transfer format in SMR

Set value in BRR

Wait

(1

(2]

(3]

1-bit interval elapsed?

Set TE and RE bits in
SCR3to 1, and set RIE, TIE, TEIE,
and MPIE bits. For transmit (TE=1),

also set the TxD bit in PMR1.

<Initialization completion>

No

(1]

[2]
[3]

Set the clock selection in SCRS.
Be sure to clear bits RIE, TIE, TEIE, and
MPIE, and bits TE and RE, to 0.

When the clock output is selected in
asynchronous mode, clock is output
immediately after CKE1 and CKEO
settings are made. When the clock
output is selected at reception in clocked
synchronous mode, clock is output
immediately after CKE1, CKEO, and RE
are setto 1.

Set the data transfer format in SMR.

Write a value corresponding to the bit
rate to BRR. Not necessary if an
external clock is used.

Wait at least one bit interval, then set the
TE bit or RE bitin SCR3to 1. RE
settings enable the RXD pin to be used.
For transmission, set the TXD bit in
PMR1 to 1 to enable the TXD output pin
to be used. Also set the RIE, TIE, TEIE,
and MPIE bits, depending on whether
interrupts are required. In asynchronous
mode, the output pin level is in the mark
state for transmission and the input in
level is in the idle state for reception.
SCI3 waites for a start bit in the idle
state. SCI3 is ready for transmission
after 1 is output for a signal frame.

Figure17.4 Sample SCI3 Initialization Flowchart
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17.4.3 Data Transmission

Figure 17.5 shows an example of operation for transmission in asynchronous mode. In
transmission, the SCI3 operates as described below.

1.

The SCI3 monitors the TDRE flag in SSR. If the flag is cleared to 0, the SCI3 recognizes that
data has been written to TDR, and transfers the data from TDR to TSR.

After transferring data from TDR to TSR, the SCI3 sets the TDRE flag to 1 and starts
transmission. If the TIE bit is set to 1 at this time, a TXI interrupt request is generated.
Continuous transmission is possible because the TXI interrupt routine writes next transmit data
to TDR before transmission of the current transmit data has been completed.

The SCI3 checks the TDRE flag at the timing for sending the stop bit.

If the TDRE flag is 0, the data is transferred from TDR to TSR, the stop bit is sent, and then
serial transmission of the next frame is started.

If the TDRE flag is 1, the TEND flag in SSR is set to 1, the stop bit is sent, and then the “mark
state” is entered, in which 1 is output. If the TEIE bit in SCR3 is set to 1 at this time, a TEI
interrupt request is generated.

Figure 17.6 shows a sample flowchart for transmission in asynchronous mode.

Start Transmit Parity Stop Start Transmit Parity Stop Mark
bit data bit  bit bit data bit  bit state
Serial 1 | o [po|D1 |/ [D7]on| 1 | o [poflpt1] b7 o] #
data 1y )
| 1 frame P 1 frame |
r g >
TDRE | )

A A A
TEND e e |

LSl TXl interrupt TDRE flag TXI interrupt request generated TEl interrupt request
operation request cleared to 0 generated
User generated Data written

processing to TDR

Figure17.5 Example of SCI3 Transmission in Asynchronous Mode
(8-Bit Data, Parity, One Stop Bit)
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( Start transmission ) [1] Read SSR and check that the TDRE flag
is set to 1, then write transmit data to
TDR. When data is written to TDR, the
TDRE flag is automaticaly cleared to 0.

(1l Read TDRE flag in SSR

[2] To continue serial transmission, read 1

No from the TDRE flag to confirm that
writing is possible, then write data to
TDR. When data is written to TDR, the

TDRE flag is automaticaly cleared to 0.

[38] To output a break in serial transmission,
Write transmit data to TDR after setting PCR to 1 and PDR to O,
clear TxD in PMR1 to 0, then clear the
TE bit in SCR3 to 0.

Yes

[2] All data transmitted?
No
Read TEND flag in SSR
(3]

Break output?

Clear PDR to 0 and set PCR to 1

Clear TE bit in SCR3to 0

<End>

Figure17.6 Sample Serial Transmission Data Flowchart (Asynchronous M ode)
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1744  Serial Data Reception

Figure 17.7 shows an example of operation for reception in asynchronous mode. In serial
reception, the SCI3 operates as described below.

1.

The SCI3 monitors the communication line. If a start bit is detected, the SCI3 performs
internal synchronization, receives receive data in RSR, and checks the parity bit and stop bit.
If an overrun error occurs (when reception of the next data is completed while the RDRF flag
is still set to 1), the OER bit in SSR is set to 1. If the RIE bit in SCR3 is set to 1 at this time, an
ERI interrupt request is generated. Receive data is not transferred to RDR.

If a parity error is detected, the PER bit in SSR is set to 1 and receive data is transferred to
RDR. If the RIE bit in SCR3 is set to 1 at this time, an ERI interrupt request is generated.

If a framing error is detected (when the stop bit is 0), the FER bit in SSR is set to 1 and receive
data is transferred to RDR. If the RIE bit in SCR3 is set to 1 at this time, an ERI interrupt
request is generated.

If reception is completed successfully, the RDRF bit in SSR is set to 1, and receive data is
transferred to RDR. If the RIE bit in SCR3 is set to 1 at this time, an RXI interrupt request is
generated. Continuous reception is possible because the RXI interrupt routine reads the receive
data transferred to RDR before reception of the next receive data has been completed.

Start Receive Parity Stop Start Receive Parity Stop  Mark state
bit data bit  bit bit data bit  bit (idle state)

Serial
data

RDRF

L (
| o [po]|D1]}) p7foq]| 1] o |pof[D1] [ |p7fo] o] 1
1)

L (
)]

1 frame P 1 frame |
e >

49 | I § |

FER

i i

LSl
operation

User
processing

L ( L (
)]
)) | | A

RXlI request RDRF 0 stop bit  ERI request in
cleared to 0 detected response to
framing error

RDR data read Framing error
processing

Figure17.7 Example of SCI3 Reception in Asynchronous Mode
(8-Bit Data, Parity, One Stop Bit)
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Table 17.6 shows the states of the SSR status flags and receive data handling when a receive error
is detected. If a receive error is detected, the RDRF flag retains its state before receiving data.
Reception cannot be resumed while a receive error flag is set to 1. Accordingly, clear the OER,
FER, PER, and RDREF bits to 0 before resuming reception. Figure 17.8 shows a sample flow chart
for serial data reception.

Table17.6 SSR StatusFlagsand Receive Data Handling

SSR Status Flag

RDRF* OER FER PER Receive Data Receive Error Type

1 1 0 0 Lost Overrun error

0 0 1 0 Transferred to RDR Framing error

0 0 0 1 Transferred to RDR  Parity error

1 1 1 0 Lost Overrun error + framing error

1 1 0 1 Lost Overrun error + parity error

0 0 1 1 Transferred to RDR Framing error + parity error

1 1 1 1 Lost Overrun error + framing error +

parity error

Note: * The RDRF flag retains the state it had before data reception.
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( Start reception )

Read OER, PER, and ]
FER flags in SSR )

Read the OER, PER, and FER flags in SSR
to identify the error. If a receive error occurs,
performs the appropriate error processing.

OER+PER+FER = 1 [2] Read SSR and check that RDRF = 1, then

(4] read the receive data in RDR. The RDRF
- flag is cleared automatically.
( Error processing )
| [8] To continue serial reception, before the stop
((Continued on next page)) bit for the current frame is received, read the
RDRF flag and read RDR.

The RDRF flag is cleared automatically.

Read RDRF flag in SSR 2]

[4] If a receive error occurs, read the OER, PER,
and FER flags in SSR to identify the error.

No After performing the appropriate error
processing, ensure that the OER, PER, and
FER flags are all cleared to 0. Reception

Yes cannot be resumed if any of these flags are
setto 1. In the case of a framing error, a

. . break can be detected by reading the value
Read receive data in RDR of the input port corresponding to the RxD

pin.

Y
es All data rm} [3]

(A)—————————— No

Clear RE bit in SCR3 to 0

<End>

Figure17.8 Sample Serial Reception Data Flowchart (Asynchronous Mode) (1)
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(4]

Error processing

Overrun error processing

;l

No

Framing error processing

No
PER =1
Yes

Parity error processing

Clear OER, PER, and
FER flags in SSR to 0

<End>

Figure17.8 Sample Serial Reception Data Flowchart (Asynchronous Mode) (2)
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175 Operation in Clock Synchronous Mode

Figure 17.9 shows the general format for clock synchronous communication. In clock
synchronous mode, data is transmitted or received synchronous with clock pulses. A single
character in the transmit data consists of the 8-bit data starting from the LSB. In clock
synchronous serial communication, data on the transmission line is output from one falling edge of
the synchronization clock to the next. In clock synchronous mode, the SCI3 receives data in
synchronous with the rising edge of the synchronization clock. After 8-bit data is output, the
transmission line holds the MSB state. In clock synchronous mode, no parity or multiprocessor bit
is added. Inside the SCI3, the transmitter and receiver are independent units, enabling full-duplex
communication through the use of a common clock. Both the transmitter and the receiver also
have a double-buffered structure, so data can be read or written during transmission or reception,
enabling continuous data transfer.

8-bit

A

>
I

One unit of transfer data (character or frame)

A

> ®

SynchronizationIllllllllllllllllll
clock

' LSB MSB !
Serial data A XBito X Bit1 X Bit2 X Bit3 X Bit4 X Bit5 X Bit6 X Bit7 X &
[ ' all

Don't care Don't care

Note: * High except in continuous transfer

Figure17.9 Data Format in Clock Synchronous Communication

17.5.1 Clock

Either an internal clock generated by the on-chip baud rate generator or an external
synchronization clock input at the SCK3 pin can be selected, according to the setting of the COM
bit in SMR and CKEO and CKEI bits in SCR3. When the SCI3 is operated on an internal clock,
the synchronization clock is output from the SCK3 pin. Eight synchronization clock pulses are
output in the transfer of one character, and when no transfer is performed the clock is fixed high.

17.5.2 SCIl3Initialization

Before transmitting and receiving data, the SCI3 should be initialized as described in a sample
flowchart in figure 17.4.
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1753 Serial Data Transmission

Figure 17.10 shows an example of SCI3 operation for transmission in clock synchronous mode. In
serial transmission, the SCI3 operates as described below.

1.

The SCI3 monitors the TDRE flag in SSR, and if the flag is 0, the SCI3 recognizes that data
has been written to TDR, and transfers the data from TDR to TSR.

The SCI3 sets the TDRE flag to 1 and starts transmission. If the TIE bit in SCR3 is set to 1 at
this time, a transmit data empty interrupt (TXI) is generated.

8-bit data is sent from the TXD pin synchronized with the output clock when output clock
mode has been specified, and synchronized with the input clock when use of an external clock
has been specified. Serial data is transmitted sequentially from the LSB (bit 0), from the TXD
pin.

4. The SCI3 checks the TDRE flag at the timing for sending the MSB (bit 7).

7.

If the TDRE flag is cleared to 0, data is transferred from TDR to TSR, and serial transmission
of the next frame is started.

If the TDRE flag is set to 1, the TEND flag in SSR is set to 1, and the TDRE flag maintains the
output state of the last bit. If the TEIE bit in SCR3 is set to 1 at this time, a TEI interrupt
request is generated.

The SCK3 pin is fixed high at the end of transmission.

Figure 17.11 shows a sample flow chart for serial data transmission. Even if the TDRE flag is
cleared to 0, transmission will not start while a receive error flag (OER, FER, or PER) is set to 1.
Make sure that the receive error flags are cleared to 0 before starting transmission.

N A A AYA YAVAVA VAV

Soral X Bito X Bit 1 >QZ X Bit7:>< Bito X Bit 1>GD< Bit6 X Bit7 |

. 1 frame . 1 frame
L (
TDRE » »
A A ' A
TEND (( I
1) 1)
ﬂk
LSl TXl interrupt TDRE flag TXI interrupt request generated TEl interrupt request
operation request cleared to 0 generated
generated
User Data written
processing to TDR

Figure17.10 Example of SCI3 Transmission in Clock Synchronous M ode

Rev. 1.50 Sep. 18,2007 Page 392 of 584
REJ09B0240-0150 RENESAS




Section 17 Serial Communication Interface 3 (SCI3)

( Start transmission )

[1] | Read TDRE flag in SSR |

No

Yes

Write transmit data to TDR

All data transmitted?

[2]

Read TEND flag in SSR

No

Yes

Clear TE bit in SCR3 to 0

<End>

(1]

(2]

Read SSR and check that the TDRE flag is
set to 1, then write transmit data to TDR.
When data is written to TDR, the TDRE flag
is automatically cleared to 0 and clocks are
output to start the data transmission.

To continue serial transmission, be sure to
read 1 from the TDRE flag to confirm that
writing is possible, then write data to TDR.
When data is written to TDR, the TDRE flag
is automatically cleared to 0.

Figure17.11 Sample Serial Transmission Flowchart (Clock Synchronous M ode)
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1754  Serial Data Reception (Clock Synchronous M ode)

Figure 17.12 shows an example of SCI3 operation for reception in clock synchronous mode. In
serial reception, the SCI3 operates as described below.

1. The SCI3 performs internal initialization synchronous with a synchronization clock input or
output, starts receiving data.

The SCI3 stores the receive data in RSR.

3. If an overrun error occurs (when reception of the next data is completed while the RDRF flag
in SSR is still set to 1), the OER bit in SSR is set to 1. If the RIE bit in SCR3 is set to 1 at this
time, an ERI interrupt request is generated, receive data is not transferred to RDR, and the
RDREF flag remains to be set to 1.

4. If reception is completed successfully, the RDRF bit in SSR is set to 1, and receive data is
transferred to RDR. If the RIE bit in SCR3 is set to 1 at this time, an RXI interrupt request is
generated.

Serial !
clock /_\—/_\—/_\SN\—/_\—/_\—/ _\_/_\_/_\_/_
Serial N ;
oo m: X B|t7>< Bito X Bit1 X 2)( Bite ) Bit7 :

' 1 frame ' 1 frame

RDRF | | ( [ » |
OER / T (C T €4 ﬂk

LSl RXlinterrupt  RDRF flag RXI interrupt request generated ERI interrupt request
operation request cleared generated by
generated to0 overrun error
User RDR data read RDR data has Overrun error
processing not been read processing
(RDRF = 1)

Figure17.12 Example of SCI3 Reception in Clock Synchronous Mode
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Reception cannot be resumed while a receive error flag is set to 1. Accordingly, clear the OER,
FER, PER, and RDRF bits to 0 before resuming reception. Figure 17.13 shows a sample flow
chart for serial data reception.

C Start reception )
[1] Read the OER flag in SSR to determine if
> there is an error. If an overrun error has
occurred, execute overrun error processing.

Read OER flag in SSR

[1] [2] Read SSR and check that the RDRF flag is
set to 1, then read the receive data in RDR.
When data is read from RDR, the RDRF
flag is automatically cleared to 0.

[4]

Error processing

(Continued below)

[8] To continue serial reception, before the
MSB (bit 7) of the current frame is received,
reading the RDRF flag and reading RDR
should be finished. When data is read from

Read RDRF flag in SSR | o RDR, the RDRF flag is automatically
2l cleared to 0.

No [4] If an overrun error occurs, read the OER
flag in SSR, and after performing the
appropriate error processing, clear the OER

Yes flag to 0. Reception cannot be resumed if
the OER flag is set to 1.
Read receive data in RDR
|
Yes
All data received? [3]

Clear RE bit in SCR3 to 0

<End>

[4] ( Error processing )
|

Overrun error processing

Clear OER flag in SSR to 0

<End>

Figure17.13 Sample Serial Reception Flowchart (Clock Synchronous M ode)
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1755 Simultaneous Serial Data Transmission and Reception

Figure 17.14 shows a sample flowchart for simultaneous serial transmit and receive operations.
The following procedure should be used for simultaneous serial data transmit and receive
operations. To switch from transmit mode to simultaneous transmit and receive mode, after
checking that the SCI3 has finished transmission and the TDRE and TEND flags are set to 1, clear
TE to 0. Then simultaneously set TE and RE to 1 with a single instruction. To switch from receive
mode to simultaneous transmit and receive mode, after checking that the SCI3 has finished
reception, clear RE to 0. Then after checking that the RDRF and receive error flags (OER, FER,
and PER) are cleared to 0, simultaneously set TE and RE to 1 with a single instruction.

[1] Read SSR and check that the TDRE flag
— - is set to 1, then write transmit data to
( Start transmission/reception ) TDR.
> When data is written to TDR, the TDRE

> ! v
| Read TDRE flag in SSR | (1] flag is automatically cleared to 0.

Read SSR and check that the RDRF flag

[2]
No is set to 1, then read the receive data in
RDR.

Yes When data is read from RDR, the RDRF
flag is automatically cleared to 0.

| Write transmit data to TDR |
T [3] To continue serial transmission/

reception, before the MSB (bit 7) of the
| current frame is received, finish reading
the RDREF flag, reading RDR. Also,
before the MSB (bit 7) of the current
frame is transmitted, read 1 from the
TDRE flag to confirm that writing is
possible. Then write data to TDR.
When data is written to TDR, the TDRE
| Read RDRF flag in SSR | [2] flag is automatically cleared to 0. When
data is read from RDR, the RDRF flag is
automatically cleared to 0.

No

¢ [4] If an overrun error occurs, read the OER

flag in SSR, and after performing the

[ Read OER flag in SSR

Error processing

Y . h
es appropriate error processing, clear the
| Read receive data in RDR | OER flag to 0. Transmission/reception
| cannot be resumed if the OER flag is set
< to 1.
Yes For overrun error processing, see figure
All data received? (3]
17.18.
No

|Clear TE and RE bits in SCR to 0|

<End>

Figure17.14 Sample Flowchart of Simultaneous Serial Transmit and Receive Operations
(Clock Synchronous M ode)
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17.6  Multiprocessor Communication Function

Use of the multiprocessor communication function enables data transfer between a number of
processors sharing communication lines by asynchronous serial communication using the
multiprocessor format, in which a multiprocessor bit is added to the transfer data. When
multiprocessor communication is performed, each receiving station is addressed by a unique ID
code. The serial communication cycle consists of two component cycles; an ID transmission cycle
that specifies the receiving station, and a data transmission cycle. The multiprocessor bit is used to
differentiate between the ID transmission cycle and the data transmission cycle. If the
multiprocessor bit is 1, the cycle is an ID transmission cycle; if the multiprocessor bit is O, the
cycle is a data transmission cycle. Figure 17.15 shows an example of inter-processor
communication using the multiprocessor format. The transmitting station first sends the ID code
of the receiving station with which it wants to perform serial communication as data with a 1
multiprocessor bit added. It then sends transmit data as data with a 0 multiprocessor bit added.
When data with a 1 multiprocessor bit is received, the receiving station compares that data with its
own ID. The station whose ID matches then receives the data sent next. Stations whose IDs do not
match continue to skip data until data with a 1 multiprocessor bit is again received.

The SCI3 uses the MPIE bit in SCR3 to implement this function. When the MPIE bit is set to 1,
transfer of receive data from RSR to RDR, error flag detection, and setting the SSR status flags,
RDREF, FER, and OER, to 1, are inhibited until data with a 1 multiprocessor bit is received. On
reception of a receive character with a 1 multiprocessor bit, the MPBR bit in SSR is set to 1 and
the MPIE bit is automatically cleared, thus normal reception is resumed. If the RIE bit in SCR3 is
set to 1 at this time, an RXI interrupt is generated.

When the multiprocessor format is selected, the parity bit setting is rendered invalid. All other bit
settings are the same as those in normal asynchronous mode. The clock used for multiprocessor
communication is the same as that in normal asynchronous mode.
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Transmitting
station
Y Serial transmission line
Y Y Y Y
Receiving Receiving Receiving Receiving
station A station B station C station D
(ID=01) (ID = 02) (ID =03) (ID =04)

S T\ e ]\ [em\ [\ [

(MPB=1) : (MPB = 0)
ID transmission cycle = Data transmission cycle =
receiving station Data transmission to
specification receiving station specified by ID

[Legend]
MPB: Multiprocessor bit

Figure17.15 Example of Inter-Processor Communication Using M ultiprocessor Format
(Transmission of Data H'AA to Receiving Station A)
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17.6.1

Multiprocessor Serial Data Transmission

Figure 17.16 shows a sample flowchart for multiprocessor serial data transmission. For an ID
transmission cycle, set the MPBT bit in SSR to 1 before transmission. For a data transmission
cycle, clear the MPBT bit in SSR to O before transmission. All other SCI3 operations are the same

as those in asynchronous mode.

( Start transmission )
<
[
1] | Read TDRE flag in SSR |
« "
Yes

[ Set MPBT bit in SSR |
|
| Write transmit data to TDR |

| Clear PDR to 0 and set PCR to 1 |

|
| Clear TE bit in SCR3 to 0 |

(1

[2]

3]

Read SSR and check that the TDRE
flag is set to 1, set the MPBT bit in
SSR to 0 or 1, then write transmit
data to TDR. When data is written to
TDR, the TDRE flag is automatically
cleared to 0.

To continue serial transmission, be
sure to read 1 from the TDRE flag to
confirm that writing is possible, then
write data to TDR. When data is
written to TDR, the TDRE flag is
automatically cleared to 0.

To output a break in serial
transmission, set the port PCR to 1,
clear PDR to 0, then clear the TE bit
in SCR3to 0.

Figure17.16 Sample Multiprocessor Serial Transmission Flowchart
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17.6.2  Multiprocessor Serial Data Reception

Figure 17.17 shows a sample flowchart for multiprocessor serial data reception. If the MPIE bit in
SCR3 is set to 1, data is skipped until data with a 1 multiprocessor bit is sent. On receiving data
with a 1 multiprocessor bit, the receive data is transferred to RDR. An RXI interrupt request is
generated at this time. All other SCI3 operations are the same as those in asynchronous mode.
Figure 17.18 shows an example of SCI3 operation for multiprocessor format reception.

( Start reception

> [2] Read OER and FER in SSR to check for
| Set MPIE bit in SCR3 to 1 | [1] errors. Receive error processing is performed
I in cases where a receive error occurs.

[Read OER and FER flags in SSR| [2]

) [1] Setthe MPIE bitin SCR3 to 1.

[3] Read SSR and check that the RDRF flag is

Yes set to 1, then read the receive data in RDR
and compare it with this station’s ID.

No If the data is not this station’s ID, set the MPIE
- bit to 1 again.
| Read RDRF flag in SSR | (3] When data is read from RDR, the RDRF flag
No is automatically cleared to 0.
@ [4] Read SSR and check that the RDRF flag is
Yes set to 1, then read the data in RDR.

[5] If areceive error occurs, read the OER and
FER flags in SSR to identify the error. After
performing the appropriate error processing,
ensure that the OER and FER flags are all

Yes cleared to 0.
Reception cannot be resumed if either of
|Read OER and FER flags in SSR | these flags is set to 1.
In the case of a framing error, a break can be
Yes detected by reading the RxD pin value.
FER+OER = 1 >
No
[ ReadRDRFflaginssr | 4]
No
— T
Yes Error processing

(Continued on
next page)

Read receive data in RDR |

All data received?

N
-~ (Al
[ ciearREbitinSCR3t00 |

|
<End>

Figure17.17 Sample Multiprocessor Serial Reception Flowchart (1)

Rev. 1.50 Sep. 18,2007 Page 400 of 584
REJ09B0240-0150 RENESAS




Section 17 Serial Communication Interface 3 (SCI3)

(5] ( Error processing )

| Framing error processing |

Clear OER, and
FER flags in SSR to 0

<End>

Figure17.17 Sample Multiprocessor Serial Reception Flowchart (2)
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Start Receive Stop Start Receive data Stop Mark state
bit data (ID1) MPB bit bit (Datat) MPB  bit (idle state)
JA L (
Serial 1 | o [po|pt]  |p7| 1] 1] o ]|po|Dt (|p7 [0 [ 1 1
data N .
1 frame

| < P 1 frame |
= o |

MPIE . [ [

RDRF " ((
17

_// A

RDR // X \ ID1

value
LSI RXI interrupt RDRF flag RXl interrupt request
operation request cleared is not generated, and
MPIE cleared to0 RDR retains its state
User 0 RDR data read When data is not
processing this station's ID,
MPIE is set to 1
again
(a) When data does not match this receiver's ID
Start Receive Stop Start Receive data Stop Mark state
bit data (ID2) MPB bit  bit (Data2) MPB  bit (idle state)
Serial 1 | o |[pofp1]|  |p7| 1|1 ]o]|pofp1 |p7]o | 1 1
data 4 17
1 frame

| | 1 frame |
[ e 1

MPIE ¢ | y [
)
RDRF ) /l | \

S S
RDR ID1 // X \ID2 X /pataz |

\i

value
LSI RXI interrupt RDRF flag RXl interrupt RDRF flag
operation request cleared request cleared
MPIE cleared to0 to0
User 0 RDR data read When data is RDR data read
processing this station's MPIE set to 1
ID, reception again
is continued

(b) When data matches this receiver's ID

Figure17.18 Example of SCI3 Reception Using M ultiprocessor Format
(Examplewith 8-Bit Data, M ultiprocessor Bit, One Stop Bit)
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17.7 Interrupt Requests

SCI3 creates the following six interrupt requests: transmission end, transmit data empty, receive
data full, and receive errors (overrun error, framing error, and parity error). Table 17.7 shows the
interrupt sources.

Table17.7 SCI3Interrupt Requests

Interrupt Requests Abbreviation Interrupt Sources

Receive Data Full RXI Setting RDRF in SSR

Transmit Data Empty TXI Setting TDRE in SSR

Transmission End TEI Setting TEND in SSR

Receive Error ERI Setting OER, FER, and PER in SSR

The initial value of the TDRE flag in SSR is 1. Thus, when the TIE bit in SCR3 is set to 1 before
transferring the transmit data to TDR, a TXI interrupt request is generated even if the transmit data
is not ready. The initial value of the TEND flag in SSR is 1. Thus, when the TEIE bit in SCR3 is
set to 1 before transferring the transmit data to TDR, a TEI interrupt request is generated even if
the transmit data has not been sent. It is possible to make use of the most of these interrupt
requests efficiently by transferring the transmit data to TDR in the interrupt routine. To prevent
the generation of these interrupt requests (TXI and TEI), set the enable bits (TIE and TEIE) that
correspond to these interrupt requests to 1, after transferring the transmit data to TDR.
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17.8  Usage Notes

17.8.1 Break Detection and Processing

When framing error detection is performed, a break can be detected by reading the RXD pin value
directly. In a break, the input from the RXD pin becomes all Os, setting the FER flag, and possibly
the PER flag. Note that as the SCI3 continues the receive operation after receiving a break, even if
the FER flag is cleared to 0, it will be set to 1 again.

17.8.2 Mark Stateand Break Sending

When the TXD or TXD2 bit in PMR1 or the TXD_3 bit in SMCR is 1, the TXD pin is used as an
I/0O port whose direction (input or output) and level are determined by PCR and PDR. This can be
used to set the TXD pin to mark state (high level) or send a break during serial data transmission.
To maintain the communication line at mark state until TE is set to 1, set both PCR and PDR to 1
and also set the TXD bit to 1. Then, the TXD pin becomes an I/O port, and 1 is output from the
TXD pin. To send a break during serial transmission, first set PCR to 1 and clear PDR to 0, and
then set the TXD bit to 1. At this time, regardless of the current transmission state, the TXD pin
becomes an I/O port, and O is output from the TXD pin.

17.8.3 Receive Error Flagsand Transmit Operations (Clock Synchronous Mode Only)

Transmission cannot be started when a receive error flag (OER, PER, or FER) is set to 1, even if
the TDRE flag is cleared to 0. Be sure to clear the receive error flags to O before starting
transmission. Note also that receive error flags cannot be cleared to 0 even if the RE bit is cleared
to 0.
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17.84 Receive Data Sampling Timing and Reception Margin in Asynchronous M ode

In asynchronous mode, the SCI3 operates on a basic clock with a frequency of 16 times the
transfer rate. In reception, the SCI3 samples the falling edge of the start bit using the basic clock,
and performs internal synchronization. Receive data is latched internally at the rising edge of the
8th pulse of the basic clock as shown in figure 17.19. Thus, the reception margin in asynchronous
mode is given by formula (1) below.

M=J(05-—)—

1 D-0.5
2N N

—(L-0.5) F} x 100(%)

... Formula (1)
[Legend]
N: Ratio of bit rate to clock (N = 16)
D: Clock duty (D =0.5to 1.0)
L: Frame length (L =9 to 12)
F: Absolute value of clock rate deviation
Assuming values of F (absolute value of clock rate deviation) = 0 and D (clock duty) = 0.5 in
formula (1), the reception margin can be given by the formula.

M = {0.5 — 1/(2 x 16)} x 100 [%] = 46.875%

However, this is only the computed value, and a margin of 20% to 30% should be allowed for in
system design.

_ 16 clocks _

~ 8clocks
0 7| 15

Internal basic m”I””l”I””l“”I””l”I”””l”I””””l“l”””””””l
clock

Receive data _?IEE
(RxD)

Start bit

Synchronization | " "
sampling timing __| ' N

Data sampling ol o]
timing ﬂ ﬂ

Figure17.19 Receive Data Sampling Timing in Asynchronous M ode
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Section 18 I°C Bus Interface 2 (IIC2)

The I'C bus interface 2 conforms to and provides a subset of the Philips I'C bus (inter-IC bus)
interface functions. The register configuration that controls the I’C bus differs partly from the
Philips configuration, however.

Figure 18.1 shows a block diagram of the I’C bus interface 2.

Figure 18.2 shows an example of I/O pin connections to external circuits.

18.1 Features

Selection of I’C format or clocked synchronous serial format
Continuous transmission/reception

Since the shift register, transmit data register, and receive data register are independent from
each other, the continuous transmission/reception can be performed.

I’C bus format:

Start and stop conditions generated automatically in master mode
Selection of acknowledge output levels when receiving
Automatic loading of acknowledge bit when transmitting

Bit synchronization/wait function

In master mode, the state of SCL is monitored per bit, and the timing is synchronized
automatically.

If transmission/reception is not yet possible, set the SCL to low until preparations are
completed.

Six interrupt sources

Transmit data empty (including slave-address match), transmit end, receive data full (including
slave-address match), arbitration lost, NACK detection, and stop condition detection

Direct bus drive

Two pins, SCL and SDA pins, function as NMOS open-drain outputs when the bus drive
function is selected.

Clocked synchronous format:

Four interrupt sources

Transmit-data-empty, transmit-end, receive-data-full, and overrun error
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Transfer clock
generation

circuit

Transmission/

reception

ICCR1

Output |- — control circuit
SCLo control | < ICCR2 < >
A t
ICMR - =
Noise canceler
ICDRT < > 4
o
Y ]
SAR | T
SDA Output | ICDRS <— ©
control [< s
kS
Y v
Noise canceler Address
comparator
Y
ICDRR =
—>| Bus state
»| decision circuit
L, \ A /
Arbitration -
»| decision circuit . ICSR >
ICIER - =
[Legend]
.12 B
ICCR1: I2C bus control reg!ster1 "l Interrupt
ICCR2: I2C bus control register 2 »| generator —>
ICMR: 12C bus mode register o
ICSR: 12C bus status register
ICIER: I2C bus interrupt enable register
ICDRT: I12C bus transmit data register
ICDRR: I12C bus receive data register
ICDRS: I12C bus shift register
SAR: Slave address register

Interrupt
request

Figure18.1 Block Diagram of 1°C Bus Interface 2
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Vce Vce
SCL in %SCL o scL .
SCL out —|
SDAin {}SDA SDA ..
SDA out
— E E
(Master) SCLin @ SCLin &
SCL out —] SCL out —]
SDA in SDA in
SDA out —] SDA out —|
(Slave 1) (Slave 2)

Figure 18.2 External Circuit Connections of I/0O Pins

18.2  Input/Output Pins

Table 18.1 summarizes the input/output pins used by the I'C bus interface 2.

Table18.1 Pin Configuration

Name Abbreviation 1/0 Function
Serial clock SCL /0 1IC serial clock input/output
Serial data SDA 1/0 IIC serial data input/output
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18.3  Register Descriptions
The I’C bus interface 2 has the following registers.

e I’C bus control register 1 (ICCR1)

e I’C bus control register 2 (ICCR2)

e I’C bus mode register (ICMR)

e I’C bus interrupt enable register (ICIER)
e I’C bus status register (ICSR)

e I’C bus slave address register (SAR)

e I’C bus transmit data register ICDRT)

e I’C bus receive data register (ICDRR)

e I’C bus shift register (ICDRS)

18.3.1 I°C BusControl Register 1 (ICCR1)

ICCRI1 enables or disables the I’C bus interface 2, controls transmission or reception, and selects
master or slave mode, transmission or reception, and transfer clock frequency in master mode.

Initial
Bit Bit Name Value R/W Description
7 ICE 0 R/W  I°C Bus Interface Enable

0: This module is halted. (SCL and SDA pins are set to
port function.)

1: This bit is enabled for transfer operations. (SCL and
SDA pins are bus drive state.)

6 RCVD 0 R/W Reception Disable

This bit enables or disables the next operation when
TRS is 0 and ICDRR s read.

0: Enables next reception
1: Disables next reception
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Bit

Bit Name

Initial
Value

R/W

Description

MST
TRS

0
0

R/W
R/W

Master/Slave Select
Transmit/Receive Select

In master mode with the I°C bus format, when
arbitration is lost, MST and TRS are both reset by
hardware, causing a transition to slave receive mode.
Modification of the TRS bit should be made between
transfer frames.

After data receive has been started in slave receive
mode, when the first seven bits of the receive data
agree with the slave address that is set to SAR and the
eighth bitis 1, TRS is automatically set to 1. If an
overrun error occurs in master mode with the clock
synchronous serial format, MST is cleared to 0 and
slave receive mode is entered.

Operating modes are described below according to
MST and TRS combination. When clocked synchronous
serial format is selected and MST is 1, clock is output.

00: Slave receive mode
01: Slave transmit mode
10: Master receive mode
11: Master transmit mode

o = N W

CKS3
CKS2
CKS1
CKSo0

o O O o

R/W
R/W
R/W
R/W

Transfer Clock Select 310 0

These bits should be set according to the necessary
transfer rate (see table 18.2) in master mode. In slave
mode, these bits are used for reservation of the setup
time in transmit mode. The time is 10 t,, when CKS3 =
0and 20t when CKS3 = 1.

RENESAS
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Table18.2 Transfer Rate

Bit 3 Bit 2 Bit 1 Bit 0 Transfer Rate

CKS3 CKS2 CKS1 CKSO Clock ¢=5MHz ¢=8MHz ¢=10MHz ¢=16 MHz ¢=20 MHz

0 0 0 0 $/28 179kHz 286 kHz 357 kHz  571kHz 714 kHz
1 $/40 125kHz  200kHz  250kHz 400 kHz 500 kHz

1 0 $/48 104 kHz 167 kHz 208 kHz  333kHz 417 kHz

1 ¢/64  78.1 kHz 125 kHz 156 kHz 250 kHz 313 kHz

1 0 0 ¢/80 62.5kHz 100 kHz 125kHz 200 kHz 250 kHz

1 ¢/100 50.0kHz  80.0 kHz 100 kHz 160 kHz 200 kHz

1 0 ¢/112 446kHz 71.4kHz 89.3kHz 143 kHz 179 kHz

1 ¢/128 39.1kHz 62.5kHz 78.1 kHz 125 kHz 156 kHz

1 0 0 0 ¢/56  89.3 kHz 143 kHz 179kHz 286 kHz 357 kHz
1 ¢/80 62.5kHz 100 kHz 125kHz 200 kHz 250 kHz

1 0 ¢/96 52.1kHz 83.3kHz 104 kHz 167 kHz 208 kHz

1 $/128 39.1kHz 625kHz 78.1 kHz 125 kHz 156 kHz

1 0 0 ¢/160 31.3kHz 50.0kHz 62.5kHz 100 kHz 125 kHz

1 ¢/200 25.0kHz 40.0kHz 50.0kHz 80.0 kHz 100 kHz

1 0 ¢/224 223kHz 357kHz 446kHz 71.4kHz 89.3kHz

1 ¢/256 19.5kHz 31.3kHz 39.1kHz 625kHz 78.1kHz
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1832 1°C BusControl Register 2 (ICCR?2)

ICCR?2 issues start/stop conditions, manipulates the SDA pin, monitors the SCL pin, and controls
reset in the control part of the I’C bus interface 2.

Initial
Bit Bit Name Value R/W Description
7 BBSY 0 R/W Bus Busy

This bit enables to confirm whether the I°C bus is
occupied or released and to issue start/stop conditions
in master mode. With the clocked synchronous serial
format, this bit has no meaning. With the I°C bus format,
this bit is set to 1 when the SDA level changes from
high to low under the condition of SCL = high, assuming
that the start condition has been issued. This bit is
cleared to 0 when the SDA level changes from low to
high under the condition of SCL = high, assuming that
the stop condition has been issued. Write 1 to BBSY
and 0 to SCP to issue a start condition. Also follow this
procedure when a repeated start condition is issued.
Write 0 in BBSY and 0 in SCP to issue a stop condition.
To issue start/stop conditions, use the MOV instruction.

6 SCP 1 w Start/Stop Issue Condition Disable

The SCP bit controls the issue of start/stop conditions in
master mode.

To issue a start condition, write 1 in BBSY and 0 in
SCP. A repeated start condition is issued in the same
way. To issue a stop condition, write 0 in BBSY and 0 in
SCP. This bit is always read as 1. If 1 is written, the
data is not stored.

5 SDAO 1 R/W SDA Output Value Control

This bit is used with SDAOP when modifying output
level of SDA. This bit should not be manipulated during
transfer.

0: When reading, SDA pin outputs low.
When writing, SDA pin is changed to output low.
1: When reading, SDA pin outputs high.

When writing, SDA pin is changed to output Hi-Z
(outputs high by external pull-up resistance).
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Initial

Bit Bit Name Value R/W Description

4 SDAOP 1 R/W SDAO Write Protect
This bit controls change of output level of the SDA pin
by modifying the SDAO bit. To change the output level,
clear SDAO and SDAOP to 0 or set SDAO to 1 and
clear SDAOP to 0 by the MOV instruction. This bit is
always read as 1.

3 SCLO 1 R This bit monitors SCL output level. When SCLO is 1,
SCL pin outputs high. When SCLO is 0, SCL pin
outputs low.

2 — 1 — Reserved

This bit is always read as 1.

1 IICRST 0 R/W IIC Control Part Reset

This bit resets the control part except for IC registers. If
this bit is set to 1 when hang-up occurs because of
communication failure during I°C operation, I°C control
part can be reset without setting ports and initializing
registers.

0 — 1 — Reserved
This bit is always read as 1.
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1833 1°C BusMode Register (ICMR)

ICMR selects whether the MSB or LSB is transferred first, performs master mode wait control,
and selects the transfer bit count.

Initial

Bit Bit Name Value R/W Description

7 MLS 0 R/W MSB-First/LSB-First Select
0: MSB-first
1: LSB-first
Set this bit to 0 when the I’C bus format is used.

6 WAIT 0 R/W Wait Insertion Bit
In master mode with the I°C bus format, this bit selects
whether to insert a wait after data transfer except the
acknowledge bit. When WAIT is set to 1, after the fall of
the clock for the final data bit, low period is extended for
two transfer clocks. If WAIT is cleared to 0, data and
acknowledge bits are transferred consecutively with no
wait inserted.
The setting of this bit is invalid in slave mode with the
I’C bus format or with the clocked synchronous serial
format.

5 — 1 — Reserved

— 1 — These bits are always read as 1.
3 BCWP 1 R/W BC Write Protect

This bit controls the BC2 to BCO modifications. When
modifying BC2 to BCO, this bit should be cleared to 0
and use the MOV instruction. In clock synchronous
serial mode, BC should not be modified.

0: When writing, values of BC2 to BCO are set.
1: When reading, 1 is always read.
When writing, settings of BC2 to BCO are invalid.
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Initial
Bit Bit Name Value R/W Description
2 BC2 0 R/W Bit Counter 2to 0
BC1 0 R/W These bits specify the number of bits to be transferred
0 BCO 0 R/W next. When read, the remaining number of transfer bits

is indicated. With the I°C bus format, the data is
transferred with one addition acknowledge bit. Bit BC2
to BCO settings should be made during an interval
between transfer frames. If bits BC2 to BCO are setto a
value other than 000, the setting should be made while
the SCL pin is low. The value returns to 000 at the end
of a data transfer, including the acknowledge bit. With
the clock synchronous serial format, these bits should
not be modified.

I’C Bus Format Clock Synchronous Serial Format
000: 9 bits 000: 8 bits
001: 2 bits 001: 1 bits
010: 3 bits 010: 2 bits
011: 4 bits 011: 3 bits
100: 5 bits 100: 4 bits
101: 6 bits 101: 5 bits
110: 7 bits 110: 6 bits
111: 8 bits 111: 7 bits
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18.3.4 1°C BusInterrupt Enable Register (ICIER)

ICIER enables or disables interrupt sources and acknowledge bits, sets acknowledge bits to be
transferred, and confirms acknowledge bits to be received.

Initial
Bit Bit Name Value R/W

Description

7 TIE 0 R/W

Transmit Interrupt Enable

When the TDRE bit in ICSR is set to 1, this bit enables
or disables the transmit data empty interrupt (TXI).

0: Transmit data empty interrupt request (TXI) is
disabled.

1: Transmit data empty interrupt request (TXI) is
enabled.

6 TEIE 0 R/W

Transmit End Interrupt Enable

This bit enables or disables the transmit end interrupt
(TEI) at the rising of the ninth clock while the TDRE bit
in ICSR is 1. TEI can be canceled by clearing the TEND
bit or the TEIE bit to 0.

0: Transmit end interrupt request (TEI) is disabled.
1: Transmit end interrupt request (TEI) is enabled.

5 RIE 0 R/W

Receive Interrupt Enable

This bit enables or disables the receive data full
interrupt request (RXI) and the overrun error interrupt
request (ERI) with the clocked synchronous format,
when a receive data is transferred from ICDRS to
ICDRR and the RDRF bit in ICSR is set to 1. RXI can
be canceled by clearing the RDRF or RIE bit to 0.

0: Receive data full interrupt request (RXI) and overrun
error interrupt request (ERI) with the clocked
synchronous format are disabled.

1: Receive data full interrupt request (RXI) and overrun
error interrupt request (ERI) with the clocked
synchronous format are enabled.
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Initial
Bit Bit Name Value R/W Description
4 NAKIE 0 R/W NACK Receive Interrupt Enable
This bit enables or disables the NACK receive interrupt
request (NAKI) and the overrun error (setting of the
OVE bit in ICSR) interrupt request (ERI) with the
clocked synchronous format, when the NACKF and AL
bits in ICSR are set to 1. NAKI can be canceled by
clearing the NACKF, OVE, or NAKIE bit to 0.
0: NACK receive interrupt request (NAKI) is disabled.
1: NACK receive interrupt request (NAKI) is enabled.
3 STIE 0 R/W Stop Condition Detection Interrupt Enable
0: Stop condition detection interrupt request (STPI) is
disabled.
1: Stop condition detection interrupt request (STPI) is
enabled.
2 ACKE 0 R/W Acknowledge Bit Judgment Select
0: The value of the receive acknowledge bit is ignored,
and continuous transfer is performed.
1: If the receive acknowledge bit is 1, continuous
transfer is halted.
1 ACKBR 0 R Receive Acknowledge
In transmit mode, this bit stores the acknowledge data
that are returned by the receive device. This bit cannot
be modified.
0: Receive acknowledge = 0
1: Receive acknowledge = 1
0 ACKBT 0 R/W Transmit Acknowledge

In receive mode, this bit specifies the bit to be sent at
the acknowledge timing.

0: 0 is sent at the acknowledge timing.
1: 1 is sent at the acknowledge timing.
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18.3.5

I’C Bus Status Register (ICSR)

ICSR performs confirmation of interrupt request flags and status.

Bit

Bit Name

Initial
Value

R/W

Description

7

TDRE

0

R/W

Transmit Data Register Empty

[Setting conditions]

¢ When data is transferred from ICDRT to ICDRS and
ICDRT becomes empty

e When TRS is set

¢ When a start condition (including re-transfer) has
been issued

o When transmit mode is entered from receive mode
in slave mode

[Clearing conditions]
e When 0 is written in TDRE after reading TDRE = 1
e When data is written to ICDRT with an instruction

TEND

0

R/W

Transmit End

[Setting conditions]

e When the ninth clock of SCL rises with the I°C bus
format while the TDRE flag is 1

e When the final bit of transmit frame is sent with the
clock synchronous serial format

[Clearing conditions]

e When 0 is written in TEND after reading TEND = 1

e When data is written to ICDRT with an instruction

5

RDRF

0

R/W

Receive Data Register Full
[Setting condition]

e When a receive data is transferred from ICDRS to
ICDRR

[Clearing conditions]
e When 0 is written in RDRF after reading RDRF = 1
e When ICDRR is read with an instruction

RENESAS
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Bit

Bit Name

Initial
Value

R/W

Description

4

NACKF

0

R/W

No Acknowledge Detection Flag

[Setting condition]

e When no acknowledge is detected from the receive
device in transmission while the ACKE bit in ICIER
is 1

[Clearing condition]

e When 0 is written in NACKF after reading NACKF =
1

3

STOP

0

R/W

Stop Condition Detection Flag

[Setting condition]

e When a stop condition is detected after frame
transfer

[Clearing condition]

e When 0 is written in STOP after reading STOP =1

AL/OVE

0

R/W

Arbitration Lost Flag/Overrun Error Flag

This flag indicates that arbitration was lost in master
mode with the I°C bus format and that the final bit has
been received while RDRF = 1 with the clocked
synchronous format.

When two or more master devices attempt to seize the

bus at nearly the same time, if the I°C bus interface

detects data differing from the data it sent, it sets AL to

1 to indicate that the bus has been taken by another

master.

[Setting conditions]

¢ If the internal SDA and SDA pin disagree at the rise
of SCL in master transmit mode

¢ When the SDA pin outputs high in master mode
while a start condition is detected

o When the final bit is received with the clocked
synchronous format while RDRF = 1

[Clearing condition]

e When 0 is written in AL/OVE after reading
AL/OVE=1
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Initial
Bit Bit Name Value R/W

Description

1 AAS 0 R/W

Slave Address Recognition Flag

In slave receive mode, this flag is set to 1 if the first
frame following a start condition matches bits SVA6 to
SVAO in SAR.

[Setting conditions]

¢ When the slave address is detected in slave receive
mode

e When the general call address is detected in slave
receive mode.

[Clearing condition]

e When 0 is written in AAS after reading AAS=1

0 ADZ 0 R/W

General Call Address Recognition Flag

This bit is valid in I°C bus format slave receive mode.

[Setting condition]

e When the general call address is detected in slave
receive mode

[Clearing condition]

e When 0 is written in ADZ after reading ADZ=1

18.3.6 Slave Address Register (SAR)

SAR selects the communication format and sets the slave address. When the chip is in slave mode
with the I’C bus format, if the upper 7 bits of SAR match the upper 7 bits of the first frame
received after a start condition, the chip operates as the slave device.

Initial
Bit Bit Name Value R/W Description
7to1 SVAG to AllO R/W Slave Address 6 to 0
SVAOD These bits set a unique address in bits SVA6 to SVAO,
differing form the addresses of other slave devices
connected to the I°C bus.
0 FS 0 R/W Format Select

0: I°C bus format is selected.

1: Clocked synchronous serial format is selected.
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18.3.7 1°C Bus Transmit Data Register (ICDRT)

ICDRT is an 8-bit readable/writable register that stores the transmit data. When ICDRT detects the
space in the shift register (ICDRYS), it transfers the transmit data which is written in [CDRT to
ICDRS and starts transferring data. If the next transfer data is written to ICDRT during
transferring data of ICDRS, continuous transfer is possible. If the MLS bit of ICMR is set to 1 and
when the data is written to ICDRT, the MSB/LSB inverted data is read. The initial value of
ICDRT is HFF.

18.3.8 I°C BusReceive Data Register (ICDRR)

ICDRR is an 8-bit register that stores the receive data. When data of one byte is received, ICDRR
transfers the receive data from ICDRS to ICDRR and the next data can be received. ICDRR is a
receive-only register, therefore the CPU cannot write to this register. The initial value of ICDRR is
H'FF.

18.3.9  1°C Bus Shift Register (ICDRS)

ICDRS is a register that is used to transfer/receive data. In transmission, data is transferred from
ICDRT to ICDRS and the data is sent from the SDA pin. In reception, data is transferred from
ICDRS to ICDRR after data of one byte is received. This register cannot be read directly from the
CPU.
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184  Operation

The I’C bus interface can communicate either in I’C bus mode or clocked synchronous serial mode
by setting FS in SAR.

18.4.1 1°C BusFormat

Figure 18.3 shows the I’C bus formats. Figure 18.4 shows the I’C bus timing. The first frame
following a start condition always consists of 8 bits.

(a) I2C bus format (FS = 0)

[ s:i sia |rw|[ A ]| pata | A | AA | P
| 1 7 I 1 I 1 n I 1 | |.1 e ~| n:Transfer bit count
(n=11t08)
1 m m: Transfer frame count
(m=1)
(b) I12C bus format (Start condition retransmission, FS = 0)
[ s| sia |rw| a| pata | [AA| s | sia |rw| A | pata | [AA] P |
1 7 11 ni | 1 1 7 11 n2 " 1
| T T 1 | T T I I |
1 m1 ‘ 1 m2

n1 and n2: Transfer bit count (n1 and n2 = 1 to 8)
m1 and m2: Transfer frame count (m1 and m2 > 1)

Figure 18.3 1°C BusFormats

Figure18.4 1°C BusTiming

[Legend]
S: Start condition. The master device drives SDA from high to low while SCL is high.
SLA: Slave address

R/W: Indicates the direction of data transfer: from the slave device to the master device when
R/W is 1, or from the master device to the slave device when R/W is 0.

A: Acknowledge. The receive device drives SDA to low.
DATA: Transfer data
P: Stop condition. The master device drives SDA from low to high while SCL is high.
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18.4.2 Master Transmit Operation

In master transmit mode, the master device outputs the transmit clock and transmit data, and the
slave device returns an acknowledge signal. For master transmit mode operation timing, see
figures 18.5 and 18.6. The transmission procedure and operations in master transmit mode are
described below.

1. Set the ICE bit in ICCRI to 1. Set the MLS and WAIT bits in ICMR and the CKS3 to CKS0
bits in ICCR1 to 1. (Initial setting)

2. Read the BBSY flag in ICCR2 to confirm that the bus is free. Set the MST and TRS bits in
ICCR1 to select master transmit mode. Then, write 1 to BBSY and 0 to SCP using MOV
instruction. (Start condition issued) This generates the start condition.

3. After confirming that TDRE in ICSR has been set, write the transmit data (the first byte data
show the slave address and R/W) to ICDRT. At this time, TDRE is automatically cleared to 0,
and data is transferred from ICDRT to ICDRS. TDRE is set again.

4. When transmission of one byte data is completed while TDRE is 1, TEND in ICSR is set to 1
at the rise of the 9th transmit clock pulse. Read the ACKBR bit in ICIER, and confirm that the
slave device has been selected. Then, write second byte data to ICDRT. When ACKBR is 1,
the slave device has not been acknowledged, so issue the stop condition. To issue the stop
condition, write 0 to BBSY and SCP using MOV instruction. SCL is fixed low until the
transmit data is prepared or the stop condition is issued.

5. The transmit data after the second byte is written to ICDRT every time TDRE is set.

6. Write the number of bytes to be transmitted to ICDRT. Wait until TEND is set (the end of last
byte data transmission) while TDRE is 1, or wait for NACK (NACKF in ICSR = 1) from the
receive device while ACKE in ICIER is 1. Then, issue the stop condition to clear TEND or
NACKF.

7. When the STOP bit in ICSR is set to 1, the operation returns to the slave receive mode.
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scL
(Master output) 1 2 3 4 5 7 8 9 1 2
\
(Mastif’;‘utput, \| /Bit7 XBite XBits XBit4 X Bit3 X Bit2 X Bit1 X Bito / Bit7 X Bit6
~r Slave address RW
SDA
(Slave output) / A I
TDRE
TEND '
7 o m
ICDRT X Address + RIW /] ata 1\ |Data 2
) /7
ICDRS Address + RIW / / X Data 1

User  [2] Instruction of start

[4] Write data to ICDRT (second byte) \

processing ition i
condition ISSUANCE 1 e data to ICDRT (first byte) [5] Write data to ICDRT (third byte)
Figure18.5 Master Transmit Mode Operation Timing (1)
SCL (]
(Master output) 9 1 2 3 4 5 6 7 8 9

SDA

(Master output) /

SDA
(Slave output)

TDRE

TEND

ICDRT

ICDRS

User
processing

\

-/ T

Datap [ /
" I
Data n l/
l/

[5] Write data to ICDRT [6] Issue stop condition. Clear TEND.

[7] Set slave receive mode

Figure18.6 Master Transmit Mode Operation Timing (2)
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18.4.3 Master Receive Operation

In master receive mode, the master device outputs the receive clock, receives data from the slave
device, and returns an acknowledge signal. For master receive mode operation timing, see figures
18.7 and 18.8. The reception procedure and operations in master receive mode are shown below.

1. Clear the TEND bit in ICSR to 0, then clear the TRS bit in ICCR1 to 0 to switch from master
transmit mode to master receive mode. Then, clear the TDRE bit to 0.

2. When ICDRR is read (dummy data read), reception is started, and the receive clock is output,
and data received, in synchronization with the internal clock. The master device outputs the
level specified by ACKBT in ICIER to SDA, at the 9th receive clock pulse.

3. After the reception of first frame data is completed, the RDREF bit in ICST is set to 1 at the rise
of 9th receive clock pulse. At this time, the receive data is read by reading ICDRR, and RDRF
is cleared to 0.

4. The continuous reception is performed by reading ICDRR every time RDREF is set. If 8th
receive clock pulse falls after reading ICDRR by the other processing while RDRF is 1, SCL is
fixed low until ICDRR is read.

5. If next frame is the last receive data, set the RCVD bit in ICCR1 to 1 before reading ICDRR.
This enables the issuance of the stop condition after the next reception.

6. When the RDRF bit is set to 1 at rise of the 9th receive clock pulse, issue the stage condition.
7. When the STOP bit in ICSR is set to 1, read ICDRR. Then clear the RCVD bit to 0.

8. The operation returns to the slave receive mode.
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Master transmit mode <«——
SCL
(Master output)

SDA

(Master output) /

SDA /
(Slave output) A

we L
wo [/ |

/
TRS il
RDRF / : \
][ \ A
ICDRS e X\ Data 1 |
ICDRR \ X Datat
User , E \ [3] Read ICDRR
processing  [1] Clear TDRE after clearing  [2] Read ICDRR (dummy read)
TEND and TRS
Figure18.7 Master Receive Mode Operation Timing (1)
SCL
(Master output) 9 1 2 3 4 5 6 7 8 9

SDA —
(Master output) \ A / \A/A/ \

f
(Slavzzﬁtput) _/ \ [Bit7 X Bits X Bits X Bita X Bit3 X sit2 X Bit1 X Bito /
RDRF | [
i
RCVD | \ I
R \

ICDRS  Datan- | \ | Datgh [y~ /
0 ]
ICDRR X Data n-1 \ \ X‘Data n /

User \\ V'

processing [5] Read ICDRR after setting RCVD [7] Read ICDRR, [6] Issue stop [8] Set slave
and clear RCVD condition receive mode

Figure18.8 Master Receive Mode Operation Timing (2)
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18.4.4 Slave Transmit Operation

In slave transmit mode, the slave device outputs the transmit data, while the master device outputs
the receive clock and returns an acknowledge signal. For slave transmit mode operation timing,
see figures 18.9 and 18.10.

The transmission procedure and operations in slave transmit mode are described below.

1. Set the ICE bit in ICCRI1 to 1. Set the MLS and WAIT bits in ICMR and the CKS3 to CKSO
bits in ICCR1 to 1. (Initial setting) Set the MST and TRS bits in ICCRI to select slave receive
mode, and wait until the slave address matches.

2. When the slave address matches in the first frame following detection of the start condition,
the slave device outputs the level specified by ACKBT in ICIER to SDA, at the rise of the 9th
clock pulse. At this time, if the 8th bit data (R/W) is 1, the TRS and ICSR bits in ICCR1 are
set to 1, and the mode changes to slave transmit mode automatically. The continuous
transmission is performed by writing transmit data to ICDRT every time TDRE is set.

3. If TDRE is set after writing last transmit data to ICDRT, wait until TEND in ICSR is set to 1,
with TDRE = 1. When TEND is set, clear TEND.

4. Clear TRS for the end processing, and read ICDRR (dummy read). SCL is free.
5. Clear TDRE.
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Slave receive mode «——— | —» Slave transmit mode
SCL
(Master output)

SDA
(Master output) _/ \ A /

scL
(Slave output) \_/
(%iﬁmm “\_|a [/ \et7 Xeie X(bis X eis Y bis a2 it \mio/ \ &z X _

TDRE | P |

TEND
Y /

TRS | /

ICDRT | X Datat A Data2 |\ Data3
1 i

ICDRS ;] / /X Data 1 [ XDalaZ [
N[/ |

ICDRR X‘ // [ [

U :

prooessging [2] Write data to ICDRT (data 1) [2] Write data to ICDRT (data 2) [2] Write data to ICDRT (data 3)

Figure18.9 Slave Transmit Mode Operation Timing (1)
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Slave receive
Slave transmit mode <——— @ node

SCL
(Master output)

SDA Y| & E
(Master output) _\_A_/ A .'\—'

scL E
(Slave output) \_'7/_

SDA \Bit7 X Bite X Bit5 X Bit4 X Bit3 X Bit2 X Bit1 X Bito /
Y

(Slave output)

TORE | i / L

TEND /},'_‘_

TRS
ICDRT / |
ICDRS XY Data n / :
I —
ICDRR / :
User %z 7 '

processing [3] Clear TEND [4] Read ICDRR (dummy read)  [5] Clear TDRE
after clearing TRS

Figure18.10 Slave Transmit Mode Operation Timing (2)
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1845 Slave Receive Operation

In slave receive mode, the master device outputs the transmit clock and transmit data, and the
slave device returns an acknowledge signal. For slave receive mode operation timing, see figures
18.11 and 18.12. The reception procedure and operations in slave receive mode are described
below.

1. Set the ICE bit in ICCRI to 1. Set the MLS and WAIT bits in ICMR and the CKS3 to CKS0
bits in ICCRI1 to 1. (Initial setting) Set the MST and TRS bits in ICCR1 to select slave receive
mode, and wait until the slave address matches.

2. When the slave address matches in the first frame following detection of the start condition,
the slave device outputs the level specified by ACKBT in ICIER to SDA, at the rise of the 9th
clock pulse. At the same time, RDRF in ICSR is set to read ICDRR (dummy read). (Since the
read data show the slave address and R/W, it is not used.)

3. Read ICDRR every time RDREF is set. If 8th receive clock pulse falls while RDRF is 1, SCL is
fixed low until ICDRR is read. The change of the acknowledge before reading ICDRR, to be
returned to the master device, is reflected to the next transmit frame.

4. The last byte data is read by reading ICDRR.

SCL

(Master output) 9 1 2 3 4 5 6 7 8 9 1
(Mastz?gutput) _/ \ Bit 7 X Bit 6 X Bit 5 X Bit 4 X Bit 3 X Bit 2 X Bit 1 X Bit 0 / \ Bit 7 x
SCL

(Slave output)

SDA
(Slave output) A_/ \L/_
RDRF \ | \ |

ICDRS ] | | Xpata1 | Xpata2

ICDRR X 1] X | [pata 1
User \/ \/

rocessin
P 9 [2] Read ICDRR (dummy read) [2] Read ICDRR

Figure18.11 Slave Receive Mode Operation Timing (1)
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SCL
(Master output) 9 1 2 3 4 5 6 7 8 9

(Masz?futput) _/ \ Bit7 X Bite X Bits X Bit4 X Bits X Bit2 X Bit1 X Bito / \ [
scL

(Slave output) \ /
SDA

(Slave output) _\_A_/ \ A

= YN

ICDRS ] X Data 1

ICDRR X \ |
User \, \
processing [3] Set ACKBT [3] Read ICDRR [4] Read ICDRR

Figure18.12 Slave Receive Mode Operation Timing (2)

18.4.6 Clocked Synchronous Serial Format

This module can be operated with the clocked synchronous serial format, by setting the FS bit in
SAR to 1. When the MST bit in ICCR1 is 1, the transfer clock output from SCL is selected. When
MST is 0, the external clock input is selected.

(1) DataTransfer Format
Figure 18.13 shows the clocked synchronous serial transfer format.

The transfer data is output from the rise to the fall of the SCL clock, and the data at the rising edge
of the SCL clock is guaranteed. The MLS bit in ICMR sets the order of data transfer, in either the
MSB first or LSB first. The output level of SDA can be changed during the transfer wait, by the
SDAO bit in ICCR2.

SDA XBitOXBit1XBit2XBit3XBit4XBit5XBit6XBit7

Figure 18.13 Clocked Synchronous Serial Transfer Format
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(2) Transmit Operation

In transmit mode, transmit data is output from SDA, in synchronization with the fall of the transfer
clock. The transfer clock is output when MST in ICCR1 is 1, and is input when MST is 0. For
transmit mode operation timing, see figure 18.14. The transmission procedure and operations in
transmit mode are described below.

1. Set the ICE bit in ICCR1 to 1. Set the MST and CKS3 to CKSO0 bits in ICCR1 to 1. (Initial
setting)

2. Set the TRS bit in ICCR1 to select the transmit mode. Then, TDRE in ICSR is set.

3. Confirm that TDRE has been set. Then, write the transmit data to ICDRT. The data is
transferred from ICDRT to ICDRS, and TDRE is set automatically. The continuous
transmission is performed by writing data to ICDRT every time TDRE is set. When changing
from transmit mode to receive mode, clear TRS while TDRE is 1.

scL \ [\ [2\ / 7 8 1 7 3 ]
(oi?;ﬁn) \ Bito ) Bit1 X zz X site X Bit7 ) Bito X i Y Bite X Bit7 XBitOX:

TRS
TDRE | . ’
I\ .\ g\
oot | [J}] oeat/} ] Detal2 ; \ f| Opas/
[ /Y A\ i \ p \ [/ \ [/

// \
cons TN \J| _owar, TN o
ser / / ¥ ” ” ¥ ¥

processing [3] Write data [3] Write data [3] Write data 3] Write data

o ICDRT {0 ICDRT to ICDRT to ICDRT
[2] Set TRS

Figure18.14 Transmit Mode Operation Timing

Rev. 1.50 Sep. 18,2007 Page 433 of 584
RENESAS REJ09B0240-0150




Section 18 [°C Bus Interface 2 (lIC2)

(3) Receive Operation

In receive mode, data is latched at the rise of the transfer clock. The transfer clock is output when
MST in ICCR1 is 1, and is input when MST is 0. For receive mode operation timing, see figure
18.15. The reception procedure and operations in receive mode are described below.

1. Set the ICE bit in ICCRI1 to 1. Set the MST and CKS3 to CKSO bits in ICCR1 to 1. (Initial

setting)

2. When the transfer clock is output, set MST to 1 to start outputting the receive clock.

3. When the receive operation is completed, data is transferred from ICDRS to ICDRR and
RDRF in ICSR is set. When MST = 1, the next byte can be received, so the clock is
continually output. The continuous reception is performed by reading ICDRR every time
RDREF is set. When the 8th clock is risen while RDRF is 1, the overrun is detected and
AL/OVE in ICSR is set. At this time, the previous reception data is retained in ICDRR.

4. To stop receiving when MST = 1, set RCVD in ICCRI to 1, then read ICDRR. Then, SCL is
fixed high after receiving the next byte data.

SCL 1 2 7 8 1 7 8 1 2
{C
(Iim) \ Bito X Bit1 ) X Bits X Bit7 Y Bito f ° XBitGXBit7XBit0XBit1X:
MST
TRS 7 g
RDRF / . | | . |
I A f A
{ {C
ICDRS [ X Data 1 i [pataz * Daty/3
ﬂﬁ Y pU \
’ : A A /
ICDRR / « X / Data 1 « X E)éta2
I A A /
User \ \ 4
processing (2] Set MST [3] Read ICDRR [3] Read ICDRR

(when outputting the clock)

Figure18.15 Receive Mode Operation Timing
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18.4.7 Noise Canceller

The logic levels at the SCL and SDA pins are routed through noise cancellers before being latched
internally. Figure 18.16 shows a block diagram of the noise canceller circuit.

The noise canceller consists of two cascaded latches and a match detector. The SCL (or SDA)
input signal is sampled on the system clock, but is not passed forward to the next circuit unless the
outputs of both latches agree. If they do not agree, the previous value is held.

Sampling clock

i v

C C

—D Q D Q > Internal
March detector —» SCL or SDA

Latch Latch |—> signal

System clock
period

Samplin
clockp ° J_l |_| |_|

SCL or SDA
input signal

Figure18.16 Block Diagram of Noise Canceller

18.4.8 Example of Use

Flowcharts in respective modes that use the I’C bus interface are shown in figures 18.17 to 18.20.
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| Initialize | [1] Test the status of the SCL and SDA lines.
[2] Set master transmit mode.
(1]
[3] Issue the start candition.

Set MST and TRS i W) i
| il and 1 | ][2] [4] Set the first byte (slave address + R/W) of transmit data.
| Write 1 to BBSY | 3] [5] Wait for 1 byte to be transmitted.

and 0 to SCP.
| Write transmit data | [4] [6] Test the acknowledge transferred from the specified slave device.
in ICDRT
[7] Set the second and subsequent bytes (except for the final byte) of transmit data.
} [5] [8] Waitfor ICDRT empty.
[9] Set the last byte of transmit data.
] [6] [10] Wait for last byte to be transmitted.
[11] Clear the TEND flag.
Transmit i
ransm —»{| Mater receive mode ||
] 7] [12] Clear the STOP flag.
7 [13] Issue the stop condition.
(8] [14] Wait for the creation of stop condition.
_ [15] Set slave receive mode. Clear TDRE.
9
Yes ol
| Write transmit data in ICDRT] | |
| Read TEND in ICSR___|
[10]
No—FEND=1 7
Y.e_s -
[CleartENDinicSR ] ]111]
[ClarstoPinicsr ] 112l
Write 0 to BBSY
| and SCP | ] [13]

I
Read STOP in ICSR |

[14]

es
Set MST to 1 and TRS
to 0in ICCR1

|
| Clear TDRE in ICSR |

(18]

Figure18.17 Sample Flowchart for Master Transmit Mode
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|l Mater receive mode ||

[1] Clear TEND, select master receive mode, and then clear TDRE.*

|
[ Clear TENDInICSR |
1
| Clear TRSin ICCR1t0 0 |
Il
|  Clear TDREinICSR |
1
|

[2] Set acknowledge to the transmit device.*

1]

[3] Dummy-read ICDDR.*

|Clear ACKBT in ICIER to 0 [2] [4] Waitfor 1 byte to be received

|
| Dummy-read ICDRR

3] [5] Check whether it is the (last receive - 1).

[6] Read the receive data last.

[ Read RDRFinICSR |

[4] [71 Setacknowledge of the final byte. Disable continuous reception (RCVD = 1).
[8] Read the (final byte - 1) of receive data.

[5] [9] Wait for the last byte to be receive.

(6] [10] Clear the STOP flag.

[11] Issue the stop condition.

Sy S S A IS E—

Set ACKBT in ICIER to 1 [12] Wait for the creation of stop condition.

T [7] [13] Read the last byte of receive data.
| Set RCVD in ICCR1 to 1 |
I 1 [14] Clear RCVD.

[ Read ICDRR | ]
—>|
| Read RDRFinICSR |

No @ [9]

Yes
[ClearstoPinicsr.__]| | [10]
Il
| Write 0 to BBSY |
and SCP

—>|
| Read STOPinICSR |

NO [1 2]

[15] Set slave receive mode.

1]

Yes -
[ Read ICDRR R
| Clear RCVD in ICCR1 to 0 | ] [14]
| Clear MST in ICCR1 to 0 | ] [15]

End

Note: Do not activate an interrupt during the execution of steps [1] to [3].

Supplementary explanation: When one byte is received, steps [2] to [6] are skipped after step [1], before jumping to step [7].
The step [8] is dummy-read in ICDRR.

Figure 18.18 Sample Flowchart for Master Receive Mode
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|| Slave transmit mode ||

I
|  Clear AASInICSR |
p—

Write transmit data
in ICDRT

— ]
| Read TDREInICSR |

Write transmit data
in ICDRT

—

| Read TENDinICSR |

Yes
Clear TEND in ICSR |

|
Clear TRS in ICCR1t0 0 |

Dummy read ICDRR |

|
Clear TDRE in ICSR |

End

Jm

(2]

(3]

[4]

5]

6]
[71
(8]
9]

| I Iy ISy Ny S|

(]
2]
(3]
4]
(5]
(6]
(7]
(8]

9]

Clear the AAS flag.

Set transmit data for ICDRT (except for the last data).
Wait for ICDRT empty.

Set the last byte of transmit data.

Wait for the last byte to be transmitted.

Clear the TEND flag .

Set slave receive mode.

Dummy-read ICDRR to release the SCL line.

Clear the TDRE flag.

Figure18.19 Sample Flowchart for Slave Transmit Mode
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" Slave receive mode "
I

| clearrasinicsr |
|
Clear ACKBT in ICIER to 0

I
I Dummy-read ICDRR I

—_—
—_—

| Read RDRFinICSR |

Set ACKBT in ICIER to 1

|
| Read ICDRR |
I —
| ReadRRDRFinICSR |

<>

Yes
| Read ICDRR |

1L

- 1 L—J L1

(1]

(2]

(3]

4]

(5]

(6]

(7]

(8]

(9]

[10]

[
[2]
[3]
[4]
[5]
[6]
[7]
[8]
[9]

Clear the AAS flag.

Set acknowledge to the transmit device.
Dummy-read ICDRR.

Wait for 1 byte to be received.

Check whether it is the (last receive - 1).
Read the receive data.

Set acknowledge of the last byte.

Read the (last byte - 1) of receive data.

Wait the last byte to be received.

[10] Read for the last byte of receive data.

Supplementary explanation: When one byte is received, steps [2] to [6] are skipped after step [1],
before jumping to step [7]. The step [8] is dummy-read in ICDRR.

Figure18.20 Sample Flowchart for Slave Receive M ode
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185 Interrupts

There are six interrupt requests in this module; transmit data empty, transmit end, receive data full,
NACK receive, STOP recognition, and arbitration lost/overrun error. Table 18.3 shows the
contents of each interrupt request.

Table18.3 Interrupt Requests

Clocked
Synchronous
Interrupt Request Abbreviation Interrupt Condition I’C Mode Mode
Transmit Data Empty  TXI (TDRE=1) - (TIE=1) o o
Transmit End TEI (TEND=1) - (TEIE=1) o o
Receive Data Full RXI (RDRF=1) - (RIE=1) o o
STOP Recognition STPI (STOP=1) «(STIE=1) o X
NACK Receive NAKI {(NACKF=1)+(AL=1)} - o X
Arbitration (NAKIE=1) o o

Lost/Overrun Error

When interrupt conditions described in table 18.3 are 1 and the I bit in CCR is 0, the CPU
executes an interrupt exception processing. Interrupt sources should be cleared in the exception
processing. TDRE and TEND are automatically cleared to 0 by writing the transmit data to
ICDRT. RDRF are automatically cleared to 0 by reading ICDRR. TDRE is set to 1 again at the
same time when transmit data is written to ICDRT. When TDRE is cleared to 0, then an excessive
data of one byte may be transmitted.
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18.6  Bit Synchronous Circuit

In master mode, this module has a possibility that high level period may be short in the two states
described below.

e When SCL is driven to low by the slave device

e  When the rising speed of SCL is lowered by the load of the SCL line (load capacitance or pull-
up resistance)

Therefore, it monitors SCL and communicates by bit with synchronization.

Figure 18.21 shows the timing of the bit synchronous circuit and table 18.4 shows the time when
SCL output changes from low to Hi-Z then SCL is monitored.

SCL monitor | H | | | |
timing reference ' :
clock ' :

SCL : Vin s _«":"— \
EN
, H ~ I-
Internal SCL 4é-| RS

Figure18.21 Timing of Bit Synchronous Cir cuit

Table18.4 Timefor Monitoring SCL

CKsS3 CKS2 Time for Monitoring SCL
0 0 7.5 teyc
1 19.5 teyc
1 0 17.5 teyc
1 41.5 tcyc
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Section 19 A/D Converter

This LSI includes a 10-bit successive approximation A/D converter that allows up to 16 analog
input channels to be selected. The block diagram of the A/D converter is shown in figure 19.1.

19.1 Features

e 10-bit resolution
e 16 input channels
e Conversion time: 3.5 us per channel at 20-MHz operation (minimum)
e Two operating modes
Single mode: Single-channel A/D conversion
Scan mode: Continuous A/D conversion on one to four channels
e Four data registers
Conversion results are held in a data register for each channel
e Sample-and-hold function
e Two conversion start methods
Software
External trigger signal
e Interrupt source

An A/D conversion end interrupt (ADI) request can be generated
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Module data bus Internal data bus

AAAA Q0

AViee —>

10-bitD/A K

Successive approximations

register
/

Bus interface

>D1VWOO >
W VOO >
OITOO>»
OXxVoOoO>»
TOOO>

DO O>

ANO
AN1

AN2
AN3
AN4
AN5
AN6
AN7
AN8
AN9
AN10 —
AN11 —p]
AN12 —p]
AN13 —|
AN14 —p]
AN15 —p-|

Sample-and-
hold circuit

AARRRARER)

Analog multiplexer

. >—> <— 0/4
' p Control circuit

<— /8

1 |—»ADI

interrupt

ADTRG

[Legend]

ADCR:  A/D control register
ADCSR: A/D control/status register
ADDRA: A/D data register A
ADDRB: A/D data register B
ADDRC: A/D data register C
ADDRD: A/D data register D

Figure19.1 Block Diagram of A/D Converter
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19.2  Input/Output Pins

Table 19.1 summarizes the input pins used by the A/D converter. The 16 analog input pins are

divided into four groups, each of which has four channels. Group 0 comprises analog input pins 0
to 3 (ANO to AN3), group 1 comprises analog input pins 4 to 7 (AN4 to AN7), group 2 comprises
analog input pins 8 to 11 (ANS8 to AN11), and group 3 comprises analog input pins 12 to 15
(AN12 to AN15). The AVcc pin is the power supply pin for the analog block in the A/D

converter.

Table19.1 Pin Configuration

Pin Name Abbreviation /O Function
Analog power supply pin AV, Input Analog block power supply
Analog input pin 0 ANO Input Group 0 analog input
Analog input pin 1 AN1 Input
Analog input pin 2 AN2 Input
Analog input pin 3 AN3 Input
Analog input pin 4 AN4 Input Group 1 analog input
Analog input pin 5 AN5 Input
Analog input pin 6 ANG6 Input
Analog input pin 7 AN7 Input
Analog input pin 8 ANS8 Input Group 2 analog input
Analog input pin 9 AN9 Input
Analog input pin 10 AN10 Input
Analog input pin 11 AN11 Input
Analog input pin 12 AN12 Input Group 3 analog input
Analog input pin 13 AN13 Input
Analog input pin 14 AN14 Input
Analog input pin 15 AN15 Input
A/D external trigger input pin ~ ADTRG Input External trigger input for starting A/D
conversion
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19.3 Register Descriptions
The A/D converter has the following registers.

e A/D dataregister A (ADDRA)

e A/D data register B (ADDRB)

e A/D data register C (ADDRC)

e A/D data register D (ADDRD)

e A/D control/status register (ADCSR)
e A/D control register (ADCR)

19.3.1 A/D Data RegistersA to D (ADDRA to ADDRD)

There are four 16-bit read-only ADDR registers; ADDRA to ADDRD, used to store the results of
A/D conversion. The ADDR registers, which store a conversion result for each analog input
channel, are shown in table 19.2.

The converted 10-bit data is stored in bits 15 to 6. The lower 6 bits are always read as O.

The data bus width between the CPU and the A/D converter is 8 bits. The upper byte can be read
directly from the CPU, however the lower byte should be read via a temporary register. The
temporary register contents are transferred from the ADDR when the upper byte data is read.
Therefore byte access to ADDR should be done by reading the upper byte first then the lower one.
Word access is also possible. ADDR is initialized to H'0000.

Table19.2 Analog Input Channelsand Corresponding ADDR Registers

Analog Input Channel

CH3=0 CH3=1
Group O Group 1 Group 2 Group 3 A/D Data Register to Store
(CH2 =0) (CH2 =1) (CH2 =0) (CH2 =1) Results of A/D Conversion
ANO AN4 ANS8 AN12 ADDRA
ANT1 AN5 AN9 AN13 ADDRB
AN2 AN6 AN10 AN14 ADDRC
AN3 AN7 AN11 AN15 ADDRD
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19.3.2 A/D Control/Status Register (ADCSR)

ADCSR consists of the control bits and conversion end status bits of the A/D converter.

Initial

Bit Bit Name Value R/W Description

7 ADF 0 R/W A/D End Flag
[Setting conditions]
¢ When A/D conversion ends in single mode
 When A/D conversion ends once on all the channels

selected in scan mode

[Clearing condition]
When 0 is written after reading ADF = 1

6 ADIE 0 R/W A/D Interrupt Enable
A/D conversion end interrupt request (ADI) is enabled
by ADF when this bit is set to 1

5 ADST 0 R/W A/D Start
Setting this bit to 1 starts A/D conversion. In single
mode, this bit is cleared to 0 automatically when
conversion on the specified channel is complete. In
scan mode, conversion continues sequentially on the
specified channels until this bit is cleared to 0 by
software, a reset, or a transition to standby mode.

4 SCAN 0 R/W Scan Mode
Selects single mode or scan mode as the A/D
conversion operating mode.
0: Single mode
1: Scan mode

3 CKS 0 R/W Clock Select

Selects the A/D conversions time.
0: Conversion time = 134 states (max.)
1: Conversion time = 70 states (max.)

Clear the ADST bit to 0 before switching the conversion
time.
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Initial
Bit Bit Name Value R/W Description
2 CH2 0 R/W Channel Select 2 to 0
CHA1 0 R/W Select analog input channels according to a

0 CHoO 0 R/W combination of the CH3 bit in ADCR.
When SCAN =0 When SCAN = 1
0000: ANO 0000: ANO
0001: AN1 0001: ANO and AN1
0010: AN2 0010: ANO to AN2
0011: AN3 0011: ANO to AN3
0100: AN4 0100: AN4
0101: AN5 0101: AN4 and AN5
0110: AN6 0110: AN4 to AN6
0111: AN7 0111: AN4 to AN7
1000: AN8 1000: AN8
1001: AN9 1001: AN8 and AN9
1010: AN10 1010: AN8 to AN10
1011: AN11 1011: AN8 to AN11
1100: AN12 1100: AN12
1101: AN13 1101: AN12 and AN13
1110: AN14 1110: AN12 to AN14
1111: AN15 1111: AN12 to AN15

Rev. 1.50 Sep. 18, 2007 Page 448 of 584
REJ09B0240-0150 RENESAS



Section 19 A/D Converter

19.3.3 A/D Control Register (ADCR)

ADCR enables A/D conversion started by an external trigger signal.
Initial

Bit Bit Name Value R/W Description

7 TRGE 0 R/W Trigger Enable

A/D conversion is started by an assertion of the external
trigger signal from timer RD or the falling or rising edge
of the external ADTRG signal when this bit is set to 1.
The trigger source is selected by bits PMRG3 and
PMRG2 in port mode register G (PMRG).

The falling or rising edge of the external ADTRG signal
is selected by bits PMRG2 and PMRG1.

61to 4 — All 1 — Reserved

These bits are always read as 1.
3,2 — AllO R/W Reserved

The write value should always be 0.

1 — 1 — Reserved
This bit is always read as 1.
0 CH3 0 R/W Reserved

Selects the analog input channel according to bits CH2
to CHO in ADCSR.
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194  Operation

The A/D converter operates by successive approximation with 10-bit resolution. It has two
operating modes; single mode and scan mode. When changing the operating mode or analog input
channel, in order to prevent incorrect operation, first clear the bit ADST in ADCSR to 0. The
ADST bit can be set at the same time as the operating mode or analog input channel is changed.

19.4.1 SingleMode

In single mode, A/D conversion is performed once for the analog input of the specified single
channel as follows:

1. A/D conversion is started when the ADST bit in ADCSR is set to 1, according to software or
external trigger input.

2. When A/D conversion is completed, the result is transferred to the corresponding A/D data
register of the channel.

3. On completion of conversion, the ADF bit in ADCSR is set to 1. If the ADIE bit is set to 1 at
this time, an ADI interrupt request is generated.

4. The ADST bit remains set to 1 during A/D conversion. When A/D conversion ends, the ADST
bit is automatically cleared to O and the A/D converter enters the wait state.

19.4.2 Scan Mode

In scan mode, A/D conversion is performed sequentially for the analog input of the specified
channels (four channels maximum) as follows:

1. When the ADST bit in ADCSR is set to 1 by software or external trigger input, A/D
conversion starts on the first channel in the group (ANO when CH3 and CH2 = B'00, AN4
when CH3 and CH2 = B'01, AN8 when CH3 and CH2 = B'10, AN12 when CH3 and CH2 =
B'l1).

2. When A/D conversion for each channel is completed, the result is sequentially transferred to
the A/D data register corresponding to each channel.

3. When conversion of all the selected channels is completed, the ADF flag in ADCSR is set to 1.
If the ADIE bit is set to 1 at this time, an ADI interrupt requested is generated. A/D conversion
starts again on the first channel in the group.

4. The ADST bit is not automatically cleared to 0. Steps [2] and [3] are repeated as long as the
ADST bit remains set to 1. When the ADST bit is cleared to 0, A/D conversion stops.
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19.4.3 Input Sampling and A/D Conversion Time

The A/D converter has a built-in sample-and-hold circuit. The A/D converter samples the analog
input when the A/D conversion start delay time (t,) has passed after the ADST bit is set to 1, then
starts conversion. Figure 19.2 shows the A/D conversion timing. Table 19.3 shows the A/D
conversion time.

As indicated in figure 19.2, the A/D conversion time includes t; and the input sampling time. The
length of t, varies depending on the timing of the write access to ADCSR. The total conversion
time therefore varies within the ranges indicated in table 19.3.

In scan mode, the values given in table 19.3 apply to the first conversion time. In the second and
subsequent conversions, the conversion time is 128 states (fixed) when CKS = 0 and 66 states
(fixed) when CKS = 1.

Address Ne

Write signal

Input sampling

St

timing - )7
ADF ”
- I
1) tspL
D tcony -
[Legend]

1): ADCSR write cycle

(2): ADCSR address

tp: A/D conversion start delay time
tsp:  Input sampling time

tcony:  A/D conversion time

Figure19.2 A/D Conversion Timing
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Table19.3 A/D Conversion Time (Single Mode)

CKS =0 CKS=1
Item Symbol Min. Typ. Max. Min. Typ. Max.
A/D conversion start delay time  t; 6 — 9 4 — 5
Input sampling time [ — 31 — — 15 —
A/D conversion time teony 131 — 134 69 — 70

Note: All values represent the number of states.

19.4.4  External Trigger Input Timing

A/D conversion can also be started by an external trigger input. When the TRGE bit in ADCR is
set to 1, external trigger input is enabled at the ADTRG pin. A falling edge at the ADTRG input
pin sets the ADST bit in ADCSR to 1, starting A/D conversion. Other operations, in both single
and scan modes, are the same as when the bit ADST has been set to 1 by software. Figure 19.3
shows the timing.

<

Internal trigger signal

ADST

| A/D conversion
e

Figure19.3 External Trigger Input Timing
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195 A/D Conversion Accuracy Definitions

This LSI's A/D conversion accuracy definitions are given below.

Resolution

The number of A/D converter digital output codes

Quantization error

The deviation inherent in the A/D converter, given by 1/2 LSB (see figure 19.4).
Offset error

The deviation of the analog input voltage value from the ideal A/D conversion characteristic
when the digital output changes from the minimum voltage value 0000000000 to 0000000001
(see figure 19.5).

Full-scale error

The deviation of the analog input voltage value from the ideal A/D conversion characteristic
when the digital output changes from 1111111110 to 1111111111 (see figure 19.5).

Nonlinearity error

The deviation from the ideal A/D conversion characteristic as the voltage changes from zero to
full scale. This does not include the offset error, full-scale error, or quantization error.

Absolute accuracy

The deviation between the digital value and the analog input value. Includes offset error, full-
scale error, quantization error, and nonlinearity error.
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Digital output
A

Ideal A/D conversion
—
characteristic
11 [ /
110 [— //

100 [— / //
011 [—

/|

010 [— // I\C)uan'(ization error

001 [— //

|

a

8

FS

| | | | | |
000 2 3 4 5 6 7
8 8 8 8 8 8

Analog
input voltage

Figure19.4 A/D Conversion Accuracy Definitions (1)
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Digital output
A

Full-scale error

Ideal A/D conversion

characteristic

, Nonlinearity
S error
K
,
,
,
K
,
K
. .
~—7 Actual A/D conversion
S characteristic

-~

T— Offset error

FS

Analog
input voltage

Figure19.4 A/D Conversion Accuracy Definitions (2)
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19.6 Usage Notes

19.6.1 Permissible Signal Source Impedance

This LSI's analog input is designed such that conversion accuracy is guaranteed for an input signal
for which the signal source impedance is 5 kQ or less. This specification is provided to enable the
A/D converter's sample-and-hold circuit input capacitance to be charged within the sampling time;
if the sensor output impedance exceeds 5 kQ2, charging may be insufficient and it may not be
possible to guarantee A/D conversion accuracy. However, for A/D conversion in single mode with
a large capacitance provided externally, the input load will essentially comprise only the internal
input resistance of 10 kQ, and the signal source impedance is ignored. However, as a low-pass
filter effect is obtained in this case, it may not be possible to follow an analog signal with a large
differential coefficient (e.g., 5 mV/us or greater) (see figure 19.5). When converting a high-speed
analog signal or converting in scan mode, a low-impedance buffer should be inserted.

19.6.2 Influenceson Absolute Accuracy

Adding capacitance results in coupling with GND, and therefore noise in GND may adversely
affect absolute accuracy. Be sure to make the connection to an electrically stable GND.

Care is also required to ensure that filter circuits do not interfere with digital signals or act as
antennas on the board.

This LSI A/D converter
Sensor output equivalent circuit
impedance
up to 5 kQ 10 kQ
Sensor input VAVAVA _L J_ VAVAVA J_
" Low-pass i Cin= 20 pF
| filter I E 15 pF I I
1Cto01 uF™
_______________ 1

Figure19.5 Analog Input Circuit Example
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19.6.3 Noteson Analog Pins

The ANS to AN15 pins also function as port G pins. Therefore, switching input/output of port G
or changing the output value during A/D conversion may affect the conversion accuracy. Evaluate
the accuracy of A/D conversion sufficiently, when port G is used as a general 1/O port.
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Section 20 Band-Gap Regulator, Power-On Reset
(Optional), and Low-Voltage Detection Circuits (Optional)

This LSI includes a band-gap regulator (BGR), and can include a power-on reset circuit and low-
voltage detection circuit as optional circuits.

The BGR supplies a reference voltage to the on-chip oscillator and low-voltage detection circuit.
Figure 20.1 is a block diagram showing the position of the BGR.

The low-voltage detection circuit consists of two circuits: LVDI (interrupt by low voltage detect)
and LVDR (reset by low voltage detect) circuits.

This circuit is used to prevent abnormal operation (runaway execution) from occurring due to the
power supply voltage fall and to recreate the state before the power supply voltage fall when the
power supply voltage rises again.

Even if the power supply voltage falls, the unstable state when the power supply voltage falls
below the guaranteed operating voltage can be removed by entering standby mode when
exceeding the guaranteed operating voltage and during normal operation. Thus, system stability
can be improved. If the power supply voltage falls more, the reset state is automatically entered. If
the power supply voltage rises again, the reset state is held for a specified period, then active mode
is automatically entered.

Figure 20.2 is a block diagram of the power-on reset circuit and the low-voltage detection circuit.
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Section 20 Band-Gap Regulator, Power-On Reset (Optional), and Low-Voltage Detection Circuits (Optional)

20.1 Features

BGR circuit

Supplies stable reference voltage covering the entire operating voltage range and the operating
temperature range.

Power-on reset circuit

Uses an external capacitor to generate an internal reset signal when power is first supplied.
Low-voltage detection circuit

LVDR: Monitors the power-supply voltage, and generates an internal reset signal when the
voltage falls below a specified value.

LVDI: Monitors the power-supply voltage, and generates an interrupt when the voltage falls
below or rises above respective specified values.

Two pairs of detection levels for reset generation voltage are available: when only the LVDR
circuit is used, or when the LVDI and LVDR circuits are both used.

VCLSEL
Vce VCL
»1 Step-down circuit >
> On-chip
oscillator
> RCSTP
BGR VBGR
_ | LVD (low-voltage
" | detection circuit)
[Legend]
Vcce: Power supply
VCL: Internal power supply generated from Vcc by the step-down circuit

VBGR: Reference voltage from BGR
VCLSEL: Select signal for the source of the on-chip oscillator power supply
RCSTP: On-chip oscillator stop signal

Figure20.1 Block Diagram around BGR
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¢ — CK PSS OVF H
R 1 :
R H
Q ' Internal reset
Noise canceler N . s H signal
. Power-on reset circuit
Noise canceler
e . 7\
: { LVDCR P
H Vreset > H a
' H <
oo 2 > N
H ] LVDRES v : e
: 47 Vint ' c
: > b
E Interrupt LVDSR <« £
: L LVDINT control '
: circuit A H
: Reference :
: voltage | Interrupt\/
H generator >
: request

Low-voltage detection circuit
[Legend]
PSS: Prescaler S
LVDCR: Low-voltage-detection control register
LVDSR: Low-voltage-detection status register
LVDRES: Low-voltage-detection reset signal
LVDINT: Low-voltage-detection interrupt signal
Vreset:  Reset detection voltage
Vint: Power-supply fall/rise detection voltage

Figure20.2 Block Diagram of Power-On Reset Circuit and
Low-Voltage Detection Cir cuit
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20.2  Register Descriptions

The low-voltage detection circuit has the following registers.

e Low-voltage-detection control register (LVDCR)

e Low-voltage-detection status register (LVDSR)

20.2.1 Low-Voltage-Detection Control Register (LVDCR)

LVDCR is used to enable or disable the low-voltage detection circuit, set the detection levels for
the LVDR function, enable or disable the LVDR function, and enable or disable generation of an
interrupt when the power-supply voltage rises above or falls below the respective levels.

Table 20.1 shows the relationship between the LVDCR settings and select functions. LVDCR
should be set according to table 20.1.

Initial
Bit Bit Name Value R/W Description

7104 — All 1 — Reserved
These bits are always read as 1. Data write is inhibited.

3 LVDSEL 1 R/W LVDR Detection Level Select
0: Reset detection voltage is 2.3 V (typ.)
1: Reset detection voltage is 3.6 V (typ.)

When the falling or rising voltage detection interrupt is
used, reset detection voltage of 2.3 V (typ.) should be
used. When only a reset detection interrupt is used,
reset detection voltage of 3.6 V (typ.) should be used.
This bit is initialized by a LVDR reset.

2 — 1 — Reserved
This bit is always read as 1. Data write is inhibited.

1 LVDDE 0 R/W Voltage-Fall-Interrupt Enable

0: Interrupt on the power-supply voltage falling below
the selected detection level disabled

1: Interrupt on the power-supply voltage falling below
the selected detection level enabled
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Initial
Bit Bit Name Value R/W Description
0 LVDUE 0 R/W Voltage-Rise-Interrupt Enable

0: Interrupt on the power-supply voltage rising above
the selected detection level disabled

1: Interrupt on the power-supply voltage rising above
the selected detection level enabled

Table20.1 LVDCR Settingsand Select Functions

LVDCR Settings Select Functions
Low-Voltage- Low-Voltage-
Power-On Detection Detection
LVDSEL LVDDE LVDUE Reset LVDR Reset Falling Interrupt Rising Interrupt
1 0 0 d \ — —
0 1 0 v v v —
0 1 1 v v v v
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20.2.2 Low-Voltage-Detection Status Register (LVDSR)

LVDSR indicates whether the power-supply voltage falls below or rises above the respective
specified values.

Initial
Bit Bit Name Value R/W Description
7t02 — All 1 — Reserved
These bits are always read as 1, and cannot be
modified.
1 LVDDF 0* R/W LVD Power-Supply Voltage Fall Flag

[Setting condition]

When the power-supply voltage falls below Vint (D)
(typ. =3.7V)

[Clearing condition]
Writing 0 to this bit after reading it as 1

0 LVDUF 0* R/W LVD Power-Supply Voltage Rise Flag
[Setting condition]

When the power supply voltage falls below Vint (D)
while the LVDUE bit in LVDCR is set to 1, then rises
above Vint (U) (typ. = 4.0 V) before falling below
Vreset1 (typ. =2.3 V)

[Clearing condition]
Writing 0 to this bit after reading it as 1

Note: * Initialized by LVDR.
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20.3 Operation

20.3.1 Power-On Reset Circuit

Figure 20.3 shows the timing of the operation of the power-on reset circuit. As the power-supply
voltage rises, the capacitor which is externally connected to the RES pin is gradually charged via
the on-chip pull-up resistor (typ. 150 kQ). Since the level of the RES signal is transmitted within
this LSI, prescaler S and the entire LSI are in their reset states. When the level of the RES signal
reaches the threshold level, the prescaler S is released from its reset state and it starts counting.
The OVF signal is generated to negate the internal reset signal after the prescaler S has counted
131,072 clock (¢) cycles. The noise cancellation circuit of approximately 100 ns is incorporated to
prevent the incorrect operation of this LSI by noise on the RES signal.

To achieve stable operation of this LSI, the power supply needs to rise to its full level and settles
within the specified time. The maximum time required for the power supply to rise and settle after
power has been supplied (t,,,,) 1S determined by the oscillation frequency (f,,.) and capacitance
which is connected to RES pin (Cggg). If t,,,,, means the time required to reach 90 % of power
supply voltage, the power supply circuit should be designed to satisfy the following formula.

ton (MS) <90 x Crgs (uF) + 162/, (MH2)

osc (

(t,.0, < 3000 ms, Cggs > 0.22 pF, and f

PWON —

=10 in 4-MHz to 10-MHz operation)

osc

Note that the power supply voltage (Vcc) must fall below Vpor = 100 mV and rise after charge on
the RES pin is removed. To remove charge on the RES pin, it is recommended that a diode should
be placed near Vcc. If the power supply voltage (Vcce) rises from the point above Vpor, a power-
on reset may not occur.

towon <=1 :
:
Vce 4 I

PSS-reset :'_l
signal < C (C
OVF | . ( |_|_$(,

Internal reset j 5 | | | i
signal 1=— 131,072 cycles —> i

LG
)

PSS counter starts  Reset released

Figure20.3 Operational Timing of Power-On Reset Circuit
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20.3.2 Low-Voltage Detection Circuit
(1) LVDR (Reset by Low Voltage Detect) Circuit

Figure 20.4 shows the timing of the LVDR function. The LVDR is enabled after a power-on reset
signal is negated.

When the power-supply voltage falls below the Vreset voltage (typ. =2.3 V or 3.6 V), the LVDR
clears the LVDRES signal to 0, and resets prescaler S. The low-voltage detection reset state
remains in place until a power-on reset is generated. When the power-supply voltage rises above
the Vreset voltage (typ. = 3.6 V) again, prescaler S starts counting. It counts 131,072 clock (¢)
cycles, and then releases the internal reset signal. Since the LVDSEL bit in the LVDCR is
initialized to 1 at this point, Vreset during Vcc rising remains 3.6 V, even if the LVDSEL bit had
been set to 0.

Note that if the power supply voltage (Vcc) falls below V = 1.0 V and then rises from that

point, the low-voltage detection reset may not occur.

LVDRmin

If the power supply voltage (Vcc) falls below Vpor = 100 mV, a power-on reset occurs.

vee Vreset
VivoRmn @~ T T T T T T o e e e e e ——— -
————————— e - —————— - V8§
{
LVDRES )Y
PSS-reset
signal ‘ n

OVF ; ; |_|

Internal reset | ' |
signal 1< 131,072 cycles

PSS counter starts Reset released

Figure20.4 Operational Timing of LVDR Circuit
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(2) LVDI (Interrupt by Low Voltage Detection) Cir cuit

Figure 20.5 shows the timing of LVDI functions. To start the LVDI, set the LVDDE and LVDUE
bits in LVDCR to 1.

When the power-supply voltage falls below Vint (D) (typ. = 3.7 V) voltage, the LVDI clears the
LVDINT signal to 0 and the LVDDF bit in LVDSR is set to 1. If the LVDDE bit is 1 at this time,
an IRQO interrupt request is simultaneously generated. In this case, the necessary data must be
saved in the external EEPROM, etc, and a transition must be made to the standby or subsleep
mode. Until this processing is completed, the power supply voltage must be higher than the lower
limit of the guaranteed operating voltage.

When the power-supply voltage does not fall below Vresetl (typ. = 2.3 V) voltage but rises above
Vint (U) (typ. = 4.0 V) voltage, the LVDI sets the LVDINT signal to 1. If the LVDUE bitis 1 at
this time, the LVDUF bit in LVDSR is set to 1 and an IRQO interrupt request is simultaneously
generated.

If the power supply voltage (Vcc) falls below Vresetl (typ. = 2.3 V) voltage, the LVDR function
is performed.

Vce

VSS

LVDINT u
O

LVDDF

LVDUE J é

LVDUF :

0)
\

IRQO interrupt generate(ﬂ(go interrupt generated

Figure20.5 Operational Timing of LVDI Circuit
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Section 21 Power Supply Circuit

This LSI incorporates an internal power supply step-down circuit. Use of this circuit enables the
internal power supply to be fixed at a constant level of approximately 3.0 V, independently of the
voltage of the power supply connected to the external V. pin. As a result, the current consumed
when an external power supply is used at 3.0 V or above can be held down to virtually the same
low level as when used at approximately 3.0 V. If the external power supply is 3.0 V or below, the
internal voltage will be practically the same as the external voltage. It is, of course, also possible
to use the same level of external power supply voltage and internal power supply voltage without
using the internal power supply step-down circuit.

21.1  When Using Internal Power Supply Step-Down Cir cuit

Connect the external power supply to the V. pin, and connect a capacitance of approximately 0.1
UF between V, and V,, as shown in figure 21.1. The internal step-down circuit is made effective
simply by adding this external circuit. In the external circuit interface, the external power supply
voltage connected to V. and the GND potential connected to V, are the reference levels. For
example, for port input/output levels, the V. level is the reference for the high level, and the V
level is that for the low level. The A/D converter analog power supply is not affected by the
internal step-down circuit.

Voo Voo=3.0t055V

Step-down circuit
Veo
g

Internal Stabilization
Internal power =~ capacitance

logic supply (approx. 0.1 uF)

— 3

Figure21.1 Power Supply Connection when Internal Step-Down Circuit is Used
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21.2  When Not Using Internal Power Supply Step-Down Cir cuit

When the internal power supply step-down circuit is not used, connect the external power supply
to the V,, pin and V. pin, as shown in figure 21.2. The external power supply is then input directly
to the internal power supply. The permissible range for the power supply voltage is 3.0 V to 3.6 V.
Operation cannot be guaranteed if a voltage outside this range (less than 3.0 V or more than 3.6 V)
1S 1mput.

Voo =3.0103.6V

Step-down circuit

Internal
power
supply

Internal
logic

Figure21.2 Power Supply Connection when Internal Step-Down Circuit is Not Used
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Section 22 List of Registers

The register list gives information on the on-chip I/O register addresses, how the register bits are
configured, and the register states in each operating mode. The information is given as shown
below.

1. Register addresses (address order)

e Registers are listed from the lower allocation addresses.
e Registers are classified by functional modules.

e The data bus width is indicated.

e The number of access states is indicated.

2. Register bits

o Bit configurations of the registers are described in the same order as the register addresses.
e Reserved bits are indicated by — in the bit name column.

e When registers consist of 16 bits, bits are described from the MSB side.

3. Register states in each operating mode
e Register states are described in the same order as the register addresses.

o The register states described here are for the basic operating modes. If there is a specific reset
for an on-chip peripheral module, refer to the section on that on-chip peripheral module.
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22.1

Register Addresses (Address Order)

The data-bus width column indicates the number of bits. The access-state column shows the
number of states of the specified basic clock that is required for access to the register.

Note:

Access to undefined or reserved addresses is prohibited. Correct operation of the access

itself or later operations is not guaranteed when such a register is accessed.

Module Data Bus Access

Register Name Abbreviation  Bit No. Address Name Width State

Timer RD counter_0 TRDCNT_O 16 H'FFF100  Timer RD 16+ 4
(Channel 0)

General register A_0 GRA_O 16 H'FFF102  Timer RD 16+ 4
(Channel 0)

General register B_0 GRB_0 16 H'FFF104  Timer RD 16+ 4
(Channel 0)

General register C_0 GRC_0 16 H'FFF106  Timer RD 16*' 4
(Channel 0)

General register D_0 GRD_0 16 H'FFF108  Timer RD 16+ 4
(Channel 0)

Timer RD counter_1 TRDCNT_1 16 H'FFF10A  Timer RD 16 4
(Channel 1)

General register A_1 GRA_1 16 H'FFF10C  Timer RD 16+ 4
(Channel 1)

General register B_1 GRB_1 16 H'FFF10E  Timer RD 16+ 4
(Channel 1)

General register C_1 GRC_1 16 H'FFF110  Timer RD 16+ 4
(Channel 1)

General register D_1 GRD_1 16 H'FFF112  Timer RD 16*' 4
(Channel 1)

Timer RD counter_2 TRDCNT_2 16 H'FFF140  Timer RD 16*' 4
(Channel 2)

General register A_2 GRA_2 16 H'FFF142  Timer RD 16*' 4
(Channel 2)

General register B_2 GRB_2 16 H'FFF144  Timer RD 16+ 4
(Channel 2)

General register C_2 GRC_2 16 H'FFF146  Timer RD 16+ 4
(Channel 2)
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Module Data Bus Access
Register Name Abbreviation Bit No. Address Name Width State
General register D_2 GRD_2 16 H'FFF148  Timer RD 16*' 4
(Channel 2)
Timer RD counter_3 TRDCNT_3 16 H'FFF14A  Timer RD 16 4
(Channel 3)
General register A_3 GRA_3 16 H'FFF14C  Timer RD 16*' 4
(Channel 3)
General register B_3 GRB_3 16 H'FFF14E  Timer RD 16+ 4
(Channel 3)
General register C_3 GRC_3 16 H'FFF150  Timer RD 16+ 4
(Channel 3)
General register D_3 GRD_3 16 H'FFF152  Timer RD 16+ 4
(Channel 3)
Timer RC counter TRCCNT 16 H'FFF180  Timer RC 16+ 4
General register A GRA 16 H'FFF182  Timer RC 16+ 4
General register B GRB 16 H'FFF184  Timer RC 16+ 4
General register C GRC 16 H'FFF186 Timer RC 16*' 4
General register D GRD 16 H'FFF188  Timer RC 16+ 4
Serial mode register_3 SMR_3 8 H'FFF600 SCI3_3 8 4
Bit rate register_3 BRR_3 8 H'FFF601  SCI3_3 8 4
Serial control register 3_3 SCR3_3 8 H'FFF602 SCI3_3 8 4
Transmit data register_3 TDR_3 8 H'FFF603 SCI3_3 8 4
Serial status register_3 SSR_3 8 H'FFF604 SCI3_3 8 4
Receive data register_3 RDR_3 8 H'FFF605 SCI3_3 8 4
Serial mode control register_3 SMCR_3 8 H'FFF608 SCI3_3 8 4
A/D data register A ADDRA 16 H'FFF610  A/D converter 8 4
A/D data register B ADDRB 16 H'FFF612  A/D converter 8 4
A/D data register C ADDRC 16 H'FFF614  A/D converter 8 4
A/D data register D ADDRD 16 H'FFF616  A/D converter 8 4
A/D control/status register ADCSR 8 H'FFF618  A/D converter 8 4
A/D control register ADCR 8 H'FFF619  A/D converter 8 4
Port data register D PDRD 8 H'FFF624  1/O port 8 4
Port data register E PDRE 8 H'FFF625  1/O port 8 4
Port data register F PDRF 8 H'FFF626 /O port 8 4
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Module Data Bus Access

Register Name Abbreviation Bit No. Address Name Width State

Port data register G PDRG 8 H'FFF627  1/O port 8 4

Port data register H PDRH 8 H'FFF628  1/O port 8 4

Port data register J PDRJ 8 H'FFF629  1/O port 8 4

Port mode register F PMRF 8 H'FFF630  1/O port 8 4

Port mode register G PMRG 8 H'FFF631  1/O port 8 4

Port control register D PCRD 8 H'FFF634  1/O port 8 4

Port control register E PCRE 8 H'FFF635  1/O port 8 4

Port control register G PCRG 8 H'FFF637  1/O port 8 4

Port control register H PCRH 8 H'FFF638  1/O port 8 4

Port control register J PCRJ 8 H'FFF639  I/O port 8 4

Module standby control register 4 MSTCR4 8 H'FFF64F Power-down 8 4
modes

Timer RD control register_0 TRDCR_O 8 H'FFF654  Timer RD 8 4
(Channel 0)

Timer RD /O control register A_O TRDIORA_O 8 H'FFF655  Timer RD 8 4
(Channel 0)

Timer RD 1/O control register C_0 TRDIORC_O0 8 H'FFF656  Timer RD 8 4
(Channel 0)

Timer RD status register_0 TRDSR_0 8 H'FFF657  Timer RD 8 4
(Channel 0)

Timer RD interrupt enable TRDIER_O 8 H'FFF658  Timer RD 8 4

register_0 (Channel 0)

PWM mode output level control  POCR_0 8 H'FFF659  Timer RD 8 4

register_0 (Channel 0)

Timer RD digital filtering function TRDDF_0 8 H'FFF65A  Timer RD 8 4

select register_0 (Channel 0)

Timer RD control register_1 TRDCR_A1 8 H'FFF65B  Timer RD 8 4
(Channel 1)

Timer RD 1/O control register A_1 TRDIORA_1 8 H'FFF65C  Timer RD 8 4
(Channel 1)

Timer RD 1/O control register C_1 TDRIORC_1 8 H'FFF65D  Timer RD 8 4
(Channel 1)

Timer RD status register_1 TRDSR_1 8 H'FFF65E  Timer RD 8 4
(Channel 1)
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Data Bus Access

Register Name Abbreviation Bit No. Address  Module Name Width State
Timer RD interrupt enable TRDIER_1 8 H'FFF65F Timer RD 8 4
register_1 (Channel 1)
PWM mode output level control ~ POCR_1 8 H'FFF660 Timer RD 8 4
register_1 (Channel 1)
Timer RD digital filtering function TRDDF_1 8 H'FFF661 Timer RD 8 4
select register_1 (Channel 1)
Timer RD start register_01 TRDSTR_01 8 H'FFF662 Timer RD 8 4
(Channel 0 and
1 common)
Timer RD mode register_01 TRDMDR_01 8 H'FFF663 Timer RD 8 4
(Channel 0 and
1 common)
Timer RD PWM mode register_01 TRDPMR_01 8 H'FFF664 Timer RD 8 4
(Channel 0 and
1 common)
Timer RD function control TRDFCR_01 8 H'FFF665 Timer RD 8 4
register_01 (Channel 0 and
1 common)
Timer output master enable TRDOER1_01 8 H'FFF666 Timer RD 8 4
register 1_01 (Channel 0 and
1 common)
Timer output master enable TRDOER2_01 8 H'FFF667 Timer RD 8 4
register 2_01 (Channel 0 and
1 common)
Timer RD output control TRDOCR_01 8 H'FFF668 Timer RD 8 4
register_01 (Channel 0 and
1 common)
Timer RD control register_2 TRDCR_2 8 H'FFF694 Timer RD 8 4
(Channel 2)
Timer RD 1/O control register A_2 TRDIORA_2 8 H'FFF695 Timer RD 8 4
(Channel 2)
Timer RD /O control register C_2 TDRIORC_2 8 H'FFF696 Timer RD 8 4
(Channel 2)
Timer RD status register_2 TRDSR_2 8 H'FFF697 Timer RD 8 4
(Channel 2)
Timer RD interrupt enable TRDIER_2 8 H'FFF698 Timer RD 8 4
register_2 (Channel 2)
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Data Bus Access

Register Name Abbreviation Bit No. Address  Module Name Width State
PWM mode output level control  POCR_2 8 H'FFF699 Timer RD 8 4
register_2 (Channel 2)
Timer RD digital filtering function TRDDF_2 8 H'FFF69A Timer RD 8 4
select register_2 (Channel 2)
Timer RD control register_3 TRDCR_3 8 H'FFF69B Timer RD 8 4
(Channel 3)
Timer RD 1/O control register A_3 TRDIORA_3 8 H'FFF69C Timer RD 8 4
(Channel 3)
Timer RD /O control register C_3 TDRIORC_3 8 H'FFF69D Timer RD 8 4
(Channel 3)
Timer RD status register_3 TRDSR_3 8 H'FFF69E Timer RD 8 4
(Channel 3)
Timer RD interrupt enable TRDIER_3 8 H'FFF69F Timer RD 8 4
register_3 (Channel 3)
PWM mode output level control  POCR_3 8 H'FFF6A0 Timer RD 8 4
register_3 (Channel 3)
Timer RD digital filtering function TRDDF_3 8 H'FFF6A1 Timer RD 8 4
select register_3 (Channel 3)
Timer RD start register_23 TRDSTR_ 23 8 H'FFF6A2 Timer RD 8 4
(Channel 2 and
3 common)
Timer RD mode register_23 TRDMDR_23 8 H'FFF6A3 Timer RD 8 4
(Channel 2 and
3 common)
Timer RD PWM mode register_23 TRDPMR_23 8 H'FFF6A4 Timer RD 8 4
(Channel 2 and
3 common)
Timer RD function control TRDFCR_23 8 H'FFF6A5 Timer RD 8 4
register_23 (Channel 2 and
3 common)
Timer RD output master enable = TRDOER1_23 8 H'FFF6A6 Timer RD 8 4
register 1_23 (Channel 2 and
3 common)
Timer RD output master enable = TRDOER2_23 8 H'FFF6A7 Timer RD 8 4
register 2_23 (Channel 2 and
3 common)
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Register Name

Abbreviation

Bit No. Address

Module Name

Data Bus Access
Width State

Timer RD output control TRDOCR_23 8 H'FFF6A8 Timer RD 8 4
register_23 (Channel 2 and
3 common)
Timer RC mode register TRCMR 8 H'FFF6CA Timer RC 8 4
Timer RC control register 1 TRCCR1 8 H'FFF6CB Timer RC 8 4
Timer RC interrupt enable register TRCIER 8 H'FFF6CC Timer RC 8 4
Timer RC status register TRCSR 8 H'FFF6CD Timer RC 8 4
Timer RC 1/O control register 0 TRCIORO 8 H'FFF6CE Timer RC 8 4
Timer RC 1/O control register 1 TRCIOR1 8 H'FFF6CF Timer RC 8 4
Timer RC control register 2 TRCCR2 8 H'FFF6D0 Timer RC 8 4
Timer RC digital filtering function TRCDF 8 H'FFF6D1 Timer RC 8 4
select register
Timer RC output enable register TRCOER 8 H'FFF6D2 Timer RC 8 4
Second data register/free running RSECDR 8 HFFF728 RTC 8 2
counter data register
Minute data register RMINDR 8 HFFF729 RTC 8 2
Hour data register RHRDR 8 H'FFF72A RTC 8 2
Day-of-week data register RWKDR 8 HFFF72B RTC 8 2
RTC control register 1 RTCCR1 8 H'FFF72C RTC 8 2
RTC control register 2 RTCCR2 8 H'FFF72D RTC 8 2
Clock source select register RTCCSR 8 H'FFF72F RTC 8 2
Low-voltage-detection control LVDCR 8 HFFF730 LVD 8 2
register
Low-voltage-detection status LVDSR 8 HFFF731 LVD 8 2
register
Clock control status register CKCSR 8 H'FFF734 Clock pulse 8 2
generator
RC control register RCCR 8 H'FFF738 On-chip 8 2
oscillator
RC trimming data protect register RCTRMDPR 8 H'FFF739 On-chip 8 2
oscillator
RC trimming register RCTRMDR 8 H'FFF73A  On-chip 8 2
oscillator
Interrupt control register A ICRA 8 H'FFF73C Interrupt 8 2
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Data Bus Access

Register Name Abbreviation Bit No. Address  Module Name Width State
Interrupt control register B ICRB 8 H'FFF73D Interrupt 8 2
Interrupt control register C ICRC 8 H'FFF73E Interrupt 8 2
Interrupt control register D ICRD 8 H'FFF73F Interrupt 8 2
Serial mode register_2 SMR_2 8 H'FFF740 SCI3_2 8 3
Bit rate register_2 BRR_2 8 H'FFF741 SCI3_2 8 3
Serial control register 3_2 SCR3_2 8 H'FFF742 SCI3_2 8 3
Transmit data register_2 TDR_2 8 H'FFF743 SCI3_2 8 3
Serial status register_2 SSR_2 8 H'FFF744 SCI3_2 8 3
Receive data register_2 RDR_2 8 H'FFF745 SCI3_2 8 3
I’C bus control register 1 ICCR1 8 H'FFF748 lIC2 8 2
I’C bus control register 2 ICCR2 8 H'FFF749 1IC2 8 2
I’C bus mode register ICMR 8 HFFF74A 1IC2 8 2
I’C bus interrupt enable register  ICIER 8 H'FFF74B 1IC2 8 2
I’C bus status register ICSR 8 H'FFF74C IIC2 8 2
Slave address register SAR 8 H'FFF74D 1IC2 8 2
I’C bus transmit data register ICDRT 8 H'FFF74E 1IC2 8 2
I°C bus receive data register ICDRR 8 H'FFF74F lIC2 8 2
Timer mode register B1 TMBH1 8 H'FFF760 Timer B1 8 2
Timer counter B1 TCB1 8 H'FFF761 Timer B1 8 2
Timer load register B1 TLB1 8 H'FFF761 Timer B1 8 2
Flash memory control register 1~ FLMCR1 8 H'FFFF90 ROM 8 2
Flash memory control register2 ~ FLMCR2 8 H'FFFF91 ROM 8 2
Flash memory power control FLPWCR 8 HFFFF92 ROM 8 2
register

Erase block register 1 EBR1 8 H'FFFF93 ROM 8 2
Flash memory enable register FENR 8 H'FFFF9B ROM 8 2
Timer control register VO TCRVO 8 H'FFFFAO TimerV 8 3
Timer control/status register V TCSRV 8 H'FFFFA1  Timer V 8 3
Time constant register A TCORA 8 H'FFFFA2 Timer V 8 3
Time constant register B TCORB 8 H'FFFFA3 Timer V 8 3
Timer counter V TCNTV 8 H'FFFFA4 Timer V 8 3
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Timer control register V1 TCRV1 8 H'FFFFA5 TimerV 8 3
Serial mode register SMR 8 H'FFFFA8 SCI3 8 3
Bit rate register BRR 8 H'FFFFA9 SCI3 8 3
Serial control register 3 SCR3 8 H'FFFFAA SCI3 8 3
Transmit data register TDR 8 H'FFFFAB SCI3 8 3
Serial status register SSR 8 H'FFFFAC SCI3 8 3
Receive data register RDR 8 H'FFFFAD SCI3 8 3
PWM data register L PWDRL 8 H'FFFFBC 14-bit PWM 8 2
PWM data register U PWDRU 8 H'FFFFBD 14-bit PWM 8 2
PWM control register PWCR 8 H'FFFFBE 14-bit PWM 8 2
Timer control/status register WD TCSRWD 8 H'FFFFCO WD** 8 2
Timer counter WD TCWD 8 HFFFFC1 WD 8 2
Timer mode register WD TMWD 8 HFFFFC2 WD* 8 2
Address break control register ABRKCR 8 H'FFFFC8 Address break 8 2
Address break status register ABRKSR 8 H'FFFFC9 Address break 8 2
Break address register H BARH 8 H'FFFFCA Address break 8 2
Break address register L BARL 8 H'FFFFCB Address break 8 2
Break data register H BDRH 8 H'FFFFCC Address break 8 2
Break data register L BDRL 8 H'FFFFCD Address break 8 2
Break address register E BARE 8 H'FFFFCF Address break 8 2
Port pull-up control register 1 PUCR1 8 H'FFFFDO I/O Port 8 2
Port pull-up control register 5 PUCRS5 8 H'FFFFD1 1/O Port 8 2
Port data register 1 PDR1 8 H'FFFFD4 1/O Port 8 2
Port data register 2 PDR2 8 H'FFFFD5 1/O Port 8 2
Port data register 3 PDR3 8 H'FFFFD6 1/O Port 8 2
Port data register 5 PDR5 8 H'FFFFD8 1/O Port 8 2
Port data register 7 PDR7 8 H'FFFFDA 1/O Port 8 2
Port data register 8 PDR8 8 H'FFFFDB 1/O Port 8 2
Port data register C PDRC 8 H'FFFFDE 1/O Port 8 2
Port mode register 1 PMR1 8 H'FFFFEO 1/O Port 8 2
Port mode register 5 PMR5 8 H'FFFFE1 1/O Port 8 2
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Data Bus Access
Register Name Abbreviation Bit No. Address  Module Name Width State

Port mode register 3 PMR3 8 H'FFFFE2 1/O Port 8 2
Port control register 1 PCR1 8 H'FFFFE4 1/O Port 8 2
Port control register 2 PCR2 8 H'FFFFE5 1/O Port 8 2
Port control register 3 PCR3 8 H'FFFFE6 1/O Port 8 2
Port control register 5 PCR5 8 H'FFFFE8 1/0O Port 8 2
Port control register 7 PCR7 8 H'FFFFEA 1/O Port 8 2
Port control register 8 PCR8 8 H'FFFFEB 1/O Port 8 2
Port control register C PCRC 8 H'FFFFEE 1/0 Port 8 2
System control register 3 SYSCR3 8 H'FFFFEF Power-down 8 2
modes
System control register 1 SYSCR1 8 H'FFFFFO Power-down 8 2
modes
System control register 2 SYSCR2 8 H'FFFFF1  Power-down 8 2
modes
Interrupt edge select register 1 IEGR1 8 H'FFFFF2 Interrupt 8 2
Interrupt edge select register 2 IEGR2 8 H'FFFFF3 Interrupt 8 2
Interrupt enable register 1 IENR1 8 H'FFFFF4 Interrupt 8 2
Interrupt enable register 2 IENR2 8 H'FFFFF5 Interrupt 8 2
Interrupt flag register 1 IRR1 8 H'FFFFF6 Interrupt 8 2
Interrupt flag register 2 IRR2 8 H'FFFFF7 Interrupt 8 2
Wakeup interrupt flag register IWPR 8 H'FFFFF8 Interrupt 8 2
Module standby control register 1 MSTCR1 8 H'FFFFF9 Power-down 8 2
modes
Module standby control register 2 MSTCR2 8 H'FFFFFA Power-down 8 2
modes

Notes: 1. These registers can be accessed by word size only.
2. WDT: Watchdog timer

Rev. 1.50 Sep. 18,2007 Page 480 of 584
REJ09B0240-0150 RENESAS



Section 22 List of Registers

22.2 Register Bits

The addresses and bit names of the registers in the on-chip peripheral modules are listed below.
The 16-bit register is indicated in two rows, 8 bits for each row.

Register Module
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Name

TRDCNT_O TCNTOH7 TCNTOH6 TCNTOH5 TCNTOH4 TCNTOH3 TCNTOH2 TCNTOH1 TCNTOHO Timer RD
(Channel 0)

TCNTOL7 TCNTOL6 TCNTOL5 TCNTOL4 TCNTOL3 TCNTOL2 TCNTOL1 TCNTOLO

GRA_O GRAOH7 GRAOH6 GRAOH5 GRAOH4 GRAOH3 GRAOH2 GRAOH1 GRAOHO

GRAOL7 GRAOL6 GRAOL5 GRAOL4 GRAOL3 GRAOL2 GRAOL1 GRAOLO

GRB_0 GRBOH7 GRBOH6 GRBOH5 GRBOH4 GRBOH3 GRBOH2 GRBOH1 GRBOHO

GRBOL7 GRBOL6 GRBOL5 GRBOL4 GRBOL3 GRBOL2 GRBOL1 GRBOLO

GRC_0 GRCOH7 GRCOH6 GRCOH5 GRCOH4 GRCOH3 GRCOH2 GRCOH1 GRCOHO

GRCOL7 GRCOL6 GRCOL5 GRCOL4 GRCOL3 GRCOL2 GRCOL1 GRCOLO

GRD_0 GRDOH7 GRDOH6 GRDOH5 GRDOH4 GRDOH3 GRDOH2 GRDOH1 GRDOHO

GRDOL7 GRDOL6 GRDOL5 GRDOL4 GRDOL3 GRDOL2 GRDOL1 GRDOLO

TRDCNT_1 TCNT1H7 TCNT1H6 TCNT1H5 TCNT1H4 TCNT1H3 TCNT1H2 TCNT1H1 TCNT1HO Timer RD
(Channel 1)

TCNT1L7 TCNT1L6 TCNT1L5 TCNT1L4 TCNT1L3 TCNT1L2 TCNT1L1 TCNT1LO

GRA_1 GRA1H7 GRA1H6 GRA1H5 GRA1H4 GRA1H3 GRA1H2 GRA1H1 GRA1HO

GRA1L7 GRA1L6 GRA1L5 GRA1L4 GRA1L3 GRA1L2 GRA1L1 GRA1LO

GRB_1 GRB1H7 GRB1H6 GRB1H5 GRB1H4 GRB1H3 GRB1H2 GRB1H1 GRB1HO

GRB1L7 GRB1L6 GRB1L5 GRB1L4 GRB1L3 GRB1L2 GRB1L1 GRB1LO

GRC_1 GRC1H7 GRC1H6 GRC1H5 GRC1H4 GRC1H3 GRC1H2 GRC1H1 GRC1HO

GRC1L7 GRC1L6 GRC1L5 GRC1L4 GRC1L3 GRC1L2 GRC1L1 GRCI1LO

GRD_1 GRD1H7 GRD1H6 GRD1H5 GRD1H4 GRD1H3 GRD1H2 GRD1H1 GRD1HO

GRD1L7 GRD1L6 GRD1L5 GRD1L4 GRD1L3 GRD1L2 GRD1L1 GRD1LO

TRDCNT_2 TCNT2H7 TCNT2H6 TCNT2H5 TCNT2H4 TCNT2H3 TCNT2H2 TCNT2H1 TCNT2HO Timer RD
(Channel 2)

TCNT2L7 TCNT2L6 TCNT2L5 TCNT2L4 TCNT2L3 TCNT2L2 TCNT2L1 TCNT2LO

GRA_2 GRA2H7 GRA2H6 GRA2H5 GRA2H4 GRA2H3 GRA2H2 GRA2H1 GRA2HO

GRA2L7 GRA2L6 GRA2L5 GRA2L4 GRA2L3 GRA2L2 GRA2L1 GRA2LO

GRB_2 GRB2H7 GRB2H6 GRB2H5 GRB2H4 GRB2H3 GRB2H2 GRB2H1 GRB2HO

GRB2L7 GRB2L6 GRB2L5 GRB2L4 GRB2L3 GRB2L2 GRB2L1 GRB2LO
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Register Module
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Name
GRC_2 GRC2H7 GRC2H6 GRC2H5 GRC2H4 GRC2H3 GRC2H2 GRC2H1 GRC2HO  Timer RD
GRC2L7 GRC2L6 GRC2L5 GRC2L4 GRC2L3 GRC2L2 GRC2Li GRceLo  (Channel2)
GRD_2 GRD2H7 GRD2H6 GRD2H5 GRD2H4 GRD2H3 GRD2H2 GRD2H1 GRD2HO
GRD2L7 GRD2L6 GRD2L5 GRD2L4 GRD2L3 GRD2L2 GRD2L1 GRD2LO
TRDCNT_3 TCNT3H7 TCNT3H6 TCNT3H5 TCNT3H4 TCNT3H3 TCNT3H2 TCNT3H1 TCNT3HO Timer RD
TCNTSL7 TCNT3L6 TCNT3L5 TCNT3L4 TCNT3L3 TCNT3L2 TCNT3Li TCNTaLo (CMamnels)
GRA_3 GRA3H7 GRA3H6 GRA3H5 GRA3H4 GRA3H3 GRA3H2 GRA3H1 GRA3HO
GRA3L7 GRA3L6 GRA3L5 GRA3L4 GRA3L3 GRA3L2 GRA3L1 GRA3LO
GRB_3 GRB3H7 GRB3H6 GRB3H5 GRB3H4 GRB3H3 GRB3H2 GRB3H1 GRB3HO
GRB3L7 GRB3L6 GRB3L5 GRB3L4 GRB3L3 GRB3L2 GRB3L1 GRB3LO
GRC_3 GRC3H7 GRC3H6 GRC3H5 GRC3H4 GRC3H3 GRC3H2 GRC3H1  GRC3HO
GRC3L7 GRC3L6 GRC3L5 GRC3L4 GRC3L3 GRC3L2 GRC3L1  GRC3LO
GRD_3 GRD3H7 GRD3H6 GRD3H5 GRD3H4 GRD3H3 GRD3H2 GRD3H1 GRD3HO
GRD3L7 GRD3L6 GRD3L5 GRD3L4 GRD3L3 GRD3L2 GRD3L1 GRD3LO
TRCONT ~ TCNTH7 TCNTH6 TONTHS TONTH4 TCNTH3 TONTH2 TCNTH1  TONTHO  Timer RC
TCNTL7 TCNTL6 TONTL5 TCNTL4 TONTL3 TONTL2 TCNTL1  TONTLO
GRA GRAH7 GRAH6 GRAH5 GRAH4 GRAH3 GRAH2 GRAH1  GRAHO
GRAL7 GRAL6 GRALS GRAL4 GRAL3 GRAL2 GRAL1  GRALO
GRB GRBH7 GRBH6 GRBH5 GRBH4 GRBH3 GRBH2 GRBH1  GRBHO
GRBL7 GRBL6 GRBLS GRBL4 GRBL3 GRBL2 GRBL1  GRBLO
GRC GRCH7 GRCH6 GRCH5 GRCH4 GRCH3 GRCH2 GRCH1  GRCHO
GRCL7 GRCL6 GRCL5 GRCL4 GRCL3 GRCL2 GRCL1  GRCLO
GRD GRDH7 GRDH6 GRDH5 GRDH4 GRDH3 GRDH2 GRDH1  GRDHO
GRDL? GRDL6 GRDL5 GRDL4 GRDL3 GRDL2 GRDL1  GRDLO
SMR_3 COM CHR PE PM STOP  MP CKS1 CKSO  SCI3_3
BRR_3 BRR7 BRR6 BRR5 BRR4 BRR3  BRR2  BRRI BRRO
SCR3.3  TIE RIE TE RE MPIE TEIE CKE1 CKEO
TDR_3 TDR7 TDR6  TDRS  TDR4  TDR3  TDR2  TDRI TDRO
SSR_3 TDRE  RDRF  OER FER PER TEND  MPBR  MPBT
RDR_3 RDR7 RDR6  RDRS  RDR4  RDR3  RDR2  RDRI RDRO
SMCR.3  — — - — — NFEN.3 TXD_3  MSTS3_3
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Register Module
Name Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bt 0 Name
ADDRA AD9 AD8 AD7 AD6 AD5 AD4 AD3 AD2 AD

AD1 ADO _ _ _ _ . _ converter
ADDRB AD9 AD8 AD7 AD6 AD5 AD4 AD3 AD2

AD1 ADO — — — — — —
ADDRC AD9 ADS AD7 AD6 AD5 AD4 AD3 AD2

AD1 ADO — — — — — —
ADDRD AD9 AD8 AD7 AD6 AD5 AD4 AD3 AD2

AD1 ADO — — — — — —
ADCSR ADF ADIE ADST  SCAN  CKS CH2 CH1 CHO
ADCR TRGE  — - — — - - CH3
PDRD PD7 PD6 PD5 PD4 PD3 PD2 PD1 PDO 1/0 port
PDRE PE7 PE6 PE5 PE4 PE3 PE2 PE1 PEO
PDRF PF7 PF6 PF5 PF4 PF3 PF2 PF1 PFO
PDRG PG7 PG6 PG5 PG4 PG3 PG2 PG PGO
PDRH PH7 PH6 PHS5 PH4 PH3 PH2 PH1 PHO
PDRJ — — — — — — PJ1 PJO
PMRF - - - - - - - PMRFO
PMRG PMRG7 PMRG6 PMRG5 — PMRG3 PMRG2 PMRG1 PMRGO
PCRD PCRD7 PCRD6 PCRD5 PCRD4 PCRD3 PCRD2 PCRD1  PCRDO
PCRE PCRE7 PCRE6S PCRE5 PCRE4 PCRE3 PCRE2 PCRE!  PCREO
PCRG PCRG? PCRG6 PCRG5 PCRG4 PCRG3 PCRG2 PCRG!  PCRGO
PCRH PCRH7 PCRH6 PCRH5 PCRH4 PCRH3 PCRH2 PCRH1  PCRHO
PCRJ — — - — - — PCRJ1  PCRJO
MSTCR4  MSTTRC MSTAD MSTTRDO MSTTRD1 — - - - Power-down

modes
TRDCR.O CCLR2 CCLR1  CCLRO CKEG1 CKEGO TPSC2  TPSC1  TPSCO  Timer RD
TRDIORA_O0 — I0B2 I0B1 I0BO — I0A2 I0A1 I0AO (Channel 0)
TRDIORC_0 10D3 10D2 10D1 10D0 10C3 l0c2 10C1 10C0
TRDSR.O — - - OVF IMFD IMFC IMFB IMFA
TRDIER.0 — — - OVIE IMED  IMIEC  IMIEB  IMIEA
POCRO  — — - — — POLD  POLC  POLB
TRDDF.0 DFCKi  DFCKO  — - DFD DFC DFB DFA
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Register Module
Name Bit7  Bit6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Name
TRDCR_1  CCLR2 CCLR1  CCLRO CKEG1 CKEGO TPSC2  TPSC1  TPSCO  Timer RD
TRDIORA_1 — I0B2 I0B1 I0BO — I0A2 I0A1 I0AO (Channel 1)
TRDIORC_1 10D3  I0D2 I0D1 I0DO 10C3 l0c2 l0C1 10Co

TRDSR_1  — — UDF OVF IMFD IMFC IMFB IMFA

TRDIER_1  — — — OVIE IMED  IMIEC  IMIEB  IMIEA

POCR_T — — — — — POLD  POLC  POLB

TRDDF_1  DFCK1 DFCKO  — — DFD DFC DFB DFA

TRDSTR_ 01 — — — — CSTPN1 CSTPNO  STR1 STRO  Timer RD
TRDMDR_01 BFD1  BFCT BFDO BFCO — — — SYNC (Cza:"e' 0
TRDPMR_01 — PWMD1 PWMC! PWMB1 — PWMDO PWMCO PWMBO :zmmon)
TRDFCR_01 PWM3 STCLK ADEG  ADTRG  OLSt OLSO  OMD1  CMDO

TRDOER1_01 ED1 EC1 EB1 EA1 EDO ECO EBO EAO

TRDOER2_01 PTO  — — — — - - —

TRDOCR_01 TOD1  TOCt TOB1 TOA1 TODO  TOCO  TOBO  TOAO

TRDCR.2 CCLR2 CCLR1 CCLRO CKEG1 CKEGO TPSC2  TPSC1  TPSCO  Timer RD
TRDIORA_2 — 10B2 I0B1 I0BO — I0A2 I0AT I0A0 (Channel 2)
TRDIORC_2 10D3  I0D2 10D1 10D0 loc3 loc2 I0C1 10CO

TRDSR.2  — — — OVF IMFD IMFC IMFB IMFA

TRDIER.2 — — — OVIE IMIED  IMIEC  IMIEB  IMIEA

POCR2  — — — — — POLD  POLC  POLB

TRDDF_2  DFCK1 DFCKO  — — DFD DFC DFB DFA

TRDCR.3 CCLR2 CCLR1 CCLRO CKEG1 CKEGO TPSC2  TPSC1  TPSCO  Timer RD
TRDIORA_3 — 10B2 I0B1 I0BO — I0A2 I0AT I0A0 (Channel 3)
TRDIORC_3 10D3  10D2 I0D1 I0DOo 10C3 l0c2 I0C1 10Co

TRDSR.3 — — UDF OVF IMFD IMFC IMFB IMFA

TRDIER.3 — — — OVIE IMIED  IMIEC  IMIEB  IMIEA

POCR3  — — — — — POLD  POLC  POLB

TRDDF_3  DFCK1 DFCKO  — — DFD DFC DFB DFA

TRDSTR 23 — — — - CSTPN1 CSTPNO  STRf STRO  Timer RD
TRDMDR_23 BFD1  BFCT BFDO BFCO  — - - SYNG (Cr;asnneIZ
TRDPMR_23 — PWMD1 PWMC1 PWMB1 — PWMDO PWMCO PWMBO :meon)
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Register Module
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Name

TRDFCR_23 PWM3 STCLK ADEG ADTRG OLS1 OLSO0 CMD1 CMDO Timer RD

TRDOER1_23 ED1 ECT EB1 EA1 EDO ECO EBO EAO (Cza;”e'z

TRDOER2_23 PTO — — — — — — — :zmmon)

TRDOCR_23 TOD1  TOGi  TOB1  TOAT TODO  TOCO  TOBO  TOAO

TRCMR cTs - BUFEB BUFEA PWM2 PWMD PWMC PWMB  Timer RC

TRCCR1 CCLR  CKS2  CKS1  CKSO TOD TOC TOB TOA

TRCIER OVIE — — — IMED  IMIEC  IMIEB  IMIEA

TRCSR OVF — — — IMED  IMFC IMFB IMFA

TRCIORO ~ — 10B2 I0B1 I0BO — I0A2 I0AT 10A0

TRCIORT ~ — IoD2 I0D1 I0D0 — l0C2 10C1 10C0

TRCCR2 ~ TCEG1 TCEGO CSTP  — — — — —

TRCDF DFCK1  DFCKO  — DFTRG  DFD DFC DFB DFA

TRCOER  PTO — — — ED EC EB EA

RSECDR  BSY SC12 SC11 SC10 SC03  SC02 SCo1 SC00 RTC

RMINDR BSY MN12  MN11  MN10 MNO3  MNO2  MNOT MNOO

RHRDR BSY — HR11  HR10 HRO3  HRO2  HRO1 HROO

RWKDR BSY - - — — WK2 WK1 WKO

RTCCRT RUN 12/24 PM RST INT — — —

RTCCR2  — — FOIE  WKIE DYIE  HRIE MNIE SEIE

RTCCSR ~ — RCS6  RCS5  — RCS3  RCS2  RCST RCSO

LVDCR — — — — LVDSEL — LVDDE LVDUE LVD

LVDSR — — — — — — LVDDF  LvpuF  (optional)

CKCSR PMRJT  PMRJO  — OSCSEL  CKSWIE CKSWIF — CKSTA  Clock pulse
generator

RCCR RCSTP FSEL  VCOLSEL — — — RCPSC1 RCPSCO  On-chip

RCTRMDPR WA PRWE  LOCKDW TRMDRWE — — — — oscillator

RCTRMDR TRMD7 TRMD6 TRMD5 TRMD4 TRMD3 TRMD2 TRMD1  TRMDO

ICRA ICRA7  ICRA6  ICRA5 ICRA4  ICRA3 ICRA2  ICRA1  — Interrupt

ICRB — ICRB6  ICRB5 ICRB4  — — — —

ICRC ICRC7  — — ICRC4  — ICRC2  ICRC1  ICRCO

ICRD ICRD7  ICRD6  ICRD5 ICRD4  ICRD3 — — —
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Register Module
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Name
SMR_2 COM CHR PE PM STOP MP CKSH1 CKSO0 SCI3_2
BRR_2 BRR7 BRR6 BRR5 BRR4 BRR3 BRR2 BRR1 BRRO

SCR3_2 TIE RIE TE RE MPIE TEIE CKE1 CKEO

TDR_2 TDR7 TRD6 TDR5 TDR4 TRD3 TRD2 TRD1 TRDO

SSR_2 TDRE RDRF OER FER PER TEND MPBR MPBT

RDR_2 RDR7 RDR6 RDR5 RDR4 RDR3 RDR2 RDR1 RDRO

ICCR1 ICE RCVD MST TRS CKS3 CKS2 CKSH1 CKSO0 lic2
ICCR2 BBSY SCP SDAO SDAOP SCLO — IICRST —

ICMR MLS WAIT — —_ BCWP BC2 BC1 BCO

ICIER TIE TEIE RIE NAKIE STIE ACKE ACKBR ACKBT

ICSR TDRE TEND RDRF NACKF STOP AL/OVE  AAS ADZ

SAR SVA6 SAV5 SAV4 SAV3 SVA2 SAV1 SAVO FS

ICDRT ICDRT7 ICDRT6 ICDRT5 ICDRT4 ICDRT3 ICDRT2 ICDRT1 ICDRTO

ICDRR ICDRR7 ICDRR6 ICDRR5 ICDRR4 ICDRR3 ICDRR2 ICDRR1 ICDRRO

TMB1 T™MB17 — — — — TMB12 TMB11 TMB10 Timer B1
TCB1 TCB17  TCB16 TCB15 TCB14 TCB13 TCB12 TCB11 TCB10

TLB1 TLB17 TLB16 TLB15 TLB14 TLB13 TLB12 TLB11 TLB10

FLMCR1 —_ SWE ESU PSU EV PV E P ROM
FLMCR2 FLER — — — — — — —

FLPWCR PDWND — — — — — — —

EBR1 EB7 EB6 EB5 EB4 EB3 EB2 EB1 EBO

FENR FLSHE — — — — — — —

TCRVO CMIEB  CMIEA OVIE CCLR1 CCLRO CKS2 CKS1 CKS0 Timer V
TCSRV CMFB CMFA OVF — 0S3 082 OS1 0S0

TCORA TCORA7 TCORA6 TCORA5 TCORA4 TCORA3 TCORA2 TCORA1 TCORAO

TCORB TCORB7 TCORB6 TCORB5 TCORB4 TCORB3 TCORB2 TCORB1 TCORBO

TCNTV TCNTV7 TCNTV6 TCNTV5 TCNTV4 TCNTV3 TCNTV2 TCNTV1  TCNTVO

TCRV1 —_ —_ — TVEGH1 TVEGO TRGE - ICKS0

SMR COM CHR PE PM STOP MP CKS1 CKSO0 SCI3
BRR BRR7 BRR6 BRR5 BRR4 BRR3 BRR2 BRR1 BRRO

SCR3 TIE RIE TE RE MPIE TEIE CKE1 CKEO
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Register Module
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Name
TDR TDR7 TRD6 TDR5 TDR4 TRD3 TRD2 TRD1 TRDO SCI3
SSR TDRE RDRF OER FER PER TEND MPBR MPBT

RDR RDR7 RDR6 RDR5 RDR4 RDR3 RDR2 RDR1 RDRO

PWDRL PWDRL7 PWDRL6 PWDRL5 PWDRL4 PWDRL3 PWDRL2 PWDRL1 PWDRLO 14-bit PWM
PWDRU — — PWDRU5 PWDRU4 PWDRU3 PWDRU2 PWDRU1 PWDRUO

PWCR — — — — — — — PWCRO

TCSRWD B6WI TCWE B4WI TCSRWE B2wWiI WDON BOWI WRST WDT*
TCWD TCWD7 TCWD6 TCWD5 TCWD4 TCWD3 TCWD2 TCWD1 TCWDO

TMWD — — — — CKS3 CKS2 CKSH1 CKSO0

ABRKCR RTINTE CSEL1 CSELO ACMP2 ACMP1 ACMPO DCMP1 DCMPO Address

ABRKSR ABIF ABIE — — — — — _ break

BARH BARH7  BARH6 BARH5 BARH4 BARH3 BARH2 BARH1 BARHO
BARL BARL7  BARL6 BARL5 BARL4 BARL3 BARL2 BARL1 BARLO
BDRH BDRH7 BDRH6 BDRH5 BDRH4 BDRH3 BDRH2 BDRH1 BDRHO
BDRL BDRL7  BDRL6 BDRL5 BDRL4 BDRL3 BDRL2 BDRLA1 BDRLO
BARE BARE7 BARE6 BARE5 BARE4 BARE3 BARE2 BARE1 BAREO
PUCR1 PUCR17 PUCR16 PUCR15 PUCR14 — PUCR12 PUCR11 PUCR10 /O port
PUCR5 — — PUCR55 PUCR54 PUCR53 PUCR52 PUCR51 PUCRS50
PDR1 P17 P16 P15 P14 — P12 P11 P10
PDR2 P27 P26 P25 P24 P23 P22 P21 P20
PDR3 P37 P36 P35 P34 P33 P32 P31 P30
PDR5 P57 P56 P55 P54 P53 P52 P51 P50
PDR7 P77 P76 P75 P74 — P72 P71 P70
PDR8 P87 P86 P85 — — — — —
PDRC — — — — PC3 PC2 PC1 PCoO
PMR1 IRQ3 IRQ2 IRQ1 IRQO TXD2 PWM TXD TMOW
PMR5 POF57  POF56 WKP5 WKP4 WKP3 WKP2 WKP1 WKPO
PMR3 POF27  POF26 POF25 POF24 POF23 — — —

PCR1 PCR17  PCR16 PCR15 PCR14 — PCR12 PCR11 PCR10
PCR2 PCR27  PCR26 PCR25 PCR24 PCR23 PCR22 PCR21 PCR20
PCR3 PCR37 PCR36 PCR35 PCR34 PCR33 PCR32 PCR31 PCR30
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Register Module

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Name

PCR5 PCR57 PCRS56 PCR55 PCRS4 PCRS3 PCR52  PCR51  PCR50  I/O port

PCR7 PCR77 PCR76 PCR75 PCR74 — PCR72 PCR71  PCR70

PCR8 PCR87 PCR86 PCR85 — - — — —

PCRC — — — — PCRC3 PCRC2 PCRC1  PCRCO

SYSCR3  STS3 — — — — — — — Power-down
modes

SYSCR1  SSBY  STS2 STS1 STSO0 NESEL — — —

SYSCR2 ~ SMSEL  LSON DTON  MA2 MAT MAO SAT1 SAO

IEGR1 NMIEG — — - — IEG3 IEG2 IEG1 IEGO Address

IEGR2 — — WPEGS WPEG4 WPEG3 WPEG2 WPEGT WPEGo °reak

IENR1 IENDT  IENTA  IENWP  — IEN3 IEN2 IEN1 IENO

IENR2 — — IENTB1  — — — — —

IRR1 IRRDT  IRRTA  — — IRRI3 IRRI2 IRRI IRRIO

IRR2 - - IRRTB1  — — — — —

IWPR — — IWPF5  IWPF4  IWPF3  IWPF2  IWPF1  IWPFO

MSTCR1 — — MSTIC ~ MSTS3  — MSTWD — MSTTV ~ MSTTA  Power-down

MSTCR2 ~ MSTS3 2 — - MSTTB1 — - - msTPWM MOdes

Note: * WDT: Watchdog timer
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22.3 Register Statesin Each Operating Mode

Register Name Reset Active Sleep Subactive Subsleep Standby  Module
TRDCNT_O Initialized — — — — — Timer RD
GRA_O Initialized — — — — — (Channel 0)
GRB_0 Initialized — — — — _
GRC_0 Initialized — — — — —
GRD_0 Initialized — — — — _
TRDCNT_1 Initialized — — — — — Timer RD
GRA_1 Initialized — — — — — (Channel 1)
GRB_1 Initialized — — — — _
GRC_1 Initialized — — — — —
GRD_1 Initialized — — — — _
TRDCNT_2 Initialized — — — — — Timer RD
GRA_2 Initialized — — — — — (Channel 2)
GRB_2 Initialized — — — — _
GRC_2 Initialized — — — — —
GRD_2 Initialized — — — — _
TRDCNT_3 Initialized — — — — — Timer RD
GRA_3 Initialized — — — — — (Channel 3)
GRB_3 Initialized — — — — _
GRC_3 Initialized — — — — —
GRD_3 Initialized — — — — _
TRCCNT Initialized — — — — — Timer RC
GRA Initialized — — — — _
GRB Initialized — — — — —
GRC Initialized — — — — —
GRD Initialized — — — — _
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Register Name Reset Active Sleep Subactive Subsleep Standby Module

SMR_3 Initialized — — Initialized  Initialized Initialized SCI3_3

BRR_3 Initialized — — Initialized  Initialized  Initialized

SCR3_3 Initialized — — Initialized  Initialized  Initialized

TDR_3 Initialized — — Initialized  Initialized  Initialized

SSR_3 Initialized — — Initialized  Initialized  Initialized

RDR_3 Initialized — — Initialized  Initialized  Initialized

SMCR_3 Initialized — — Initialized  Initialized  Initialized

ADDRA Initialized — — Initialized  Initialized  Initialized ~ AD converter

ADDRB Initialized — — Initialized  Initialized  Initialized

ADDRC Initialized — — Initialized  Initialized  Initialized

ADDRD Initialized — — Initialized  Initialized  Initialized

ADCSR Initialized — — Initialized  Initialized  Initialized

ADCR Initialized — — Initialized  Initialized  Initialized

PDRD Initialized — — — — — 1/0 port

PDRE Initialized — — — — —

PDRF Initialized — — — — —

PDRG Initialized — — — — —

PDRH Initialized — — — — —

PDRJ Initialized — — — — —

PMRF Initialized — — — — —

PMRG Initialized — — — — —

PCRD Initialized — — — — —

PCRE Initialized — — — — —

PCRG Initialized — — — — —

PCRH Initialized — — — — —

PCRJ Initialized — — — — —

MSTCR4 Initialized — — — — — Power-down
modes
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Register Name Reset Active Sleep Subactive Subsleep Standby Module
TRDCR_O Initialized — — — — — Timer RD
TRDIORA_O Initialized — — — — — (Channel 0)
TRDIORC_0 Initialized — — — — —
TRDSR_0 Initialized — — — — —
TRDIER_O Initialized — — — — —
POCR_0 Initialized — — — — —
TRDDF_0 Initialized — — — — —
TRDCRH1 Initialized — — — — — Timer RD
TRDIORA_1 Initialized — — — — — (Channel 1)
TRDIORC _1 Initialized — — — — —
TRDSR_1 Initialized — — — — —
TRDIER_1 Initialized — — — — —
POCR_1 Initialized — — — — —
TRDDF_1 Initialized — — — — —
TRDSTR_01 Initialized — — — — — Timer RD
TRDMDR_O1  Initialized — — — — — (Channel 0 and

1 common)
TRDPMR_01 Initialized — — — — —
TRDFCR_01 Initialized — — — — —
TRDOER1_01 Initialized — — — — —
TRDOER2_01 Initialized — — — — —
TRDOCR_01 Initialized — — — — —
TRDCR_2 Initialized — — — — — Timer RD
TRDIORA_2 Initialized — — — — — (Channel 2)
TRDIORC_2 Initialized — — — — —
TRDSR_2 Initialized — — — — —
TRDIER_2 Initialized — — — — —
POCR_2 Initialized — — — — —
TRDDF_2 Initialized — — — — —
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Register Name Reset Active Sleep Subactive Subsleep Standby Module
TRDCR_3 Initialized — — — — — Timer RD
TRDIORA_3 Initialized — — — — — (Channel 3)
TRDIORC_3 Initialized — — — — _

TRDSR_3 Initialized — — — — —

TRDIER_3 Initialized — — — — _

POCR_3 Initialized — — — — —

TRDDF_3 Initialized — — — — _

TRDSTR_23 Initialized — — — — — Timer RD
TRDMDR 23 Initialized — — — — — gcchoan:"me;n?) and
TRDPMR_23 Initialized — — — — —

TRDFCR_23 Initialized — — — — —

TRDOER1_23 Initialized — — — — —

TRDOER2_23 Initialized — — — — _

TRDOCR_23 Initialized — — — — —

TRCMR Initialized — — — — — Timer RC
TRCCRH1 Initialized — — — — —

TRCIER Initialized — — — — _

TRCSR Initialized — — — — —

TRCIORO Initialized — — — — _

TRCIOR1 Initialized — — — — _

TRCCR2 Initialized — — — — —

TRCDF Initialized — — — — _

TRCOER Initialized — — — — —

RSECDR Initialized — — — —_ —_ RTC
RMINDR Initialized — — — — _

RHRDR Initialized — — — — —

RWKDR Initialized — — — — _

RTCCR1 Initialized — — — — —

RTCCR2 Initialized — — — — _

RTCCSR Initialized — — — — —
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Register Name Reset Active Sleep Subactive Subsleep Standby  Module
LVDCR Initialized — — — — — LVD (optional)
LVDSR Initialized — — — — —
CKCSR Initialized — — — — — Clock pulse
generator
RCCR Initialized — — — — — On-chip
RCTRMDPR Initialized — — — — — oscillator
RCTRMDR Initialized — — — — —
ICRA Initialized — — — — — Interrupt
ICRB Initialized — — — — —
ICRC Initialized — — — — —
ICRD Initialized — — — — —
SMR_2 Initialized — — Initialized  Initialized Initialized SCI3_2
BRR_2 Initialized — — Initialized  Initialized  Initialized
SCR3_2 Initialized — — Initialized  Initialized  Initialized
TDR_2 Initialized — — Initialized  Initialized  Initialized
SSR_2 Initialized — — Initialized  Initialized  Initialized
RDR_2 Initialized — — Initialized  Initialized  Initialized
ICCR1 Initialized — — — — — lic2
ICCR2 Initialized — — — — —
ICMR Initialized — — — — —
ICIER Initialized — — — — —
ICSR Initialized — — — — —
SAR Initialized — — — — —
ICDRT Initialized — — — — —
ICDRR Initialized — — — — —
TMB1 Initialized — — — — — Timer B1
TCBH1 Initialized — — — — —
TLB1 Initialized — — — — —
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Register Name Reset Active Sleep Subactive Subsleep Standby Module
FLMCRA1 Initialized — — Initialized Initialized Initialized ROM
FLMCR2 Initialized — — — — —

FLPWCR Initialized — — — — —

EBR1 Initialized — — Initialized  Initialized  Initialized

FENR Initialized — — — — —

TCRVO Initialized — — Initialized  Initialized  Initialized  Timer V
TCSRV Initialized — — Initialized  Initialized  Initialized

TCORA Initialized — — Initialized  Initialized  Initialized

TCORB Initialized — — Initialized  Initialized  Initialized

TCNTV Initialized — — Initialized  Initialized  Initialized

TCRV1 Initialized — — Initialized  Initialized  Initialized

SMR Initialized — — Initialized  Initialized  Initialized  SCI3
BRR Initialized — — Initialized  Initialized  Initialized

SCRS3 Initialized — — Initialized  Initialized  Initialized

TDR Initialized — — Initialized  Initialized  Initialized

SSR Initialized — — Initialized  Initialized Initialized

RDR Initialized — — Initialized  Initialized  Initialized

PWDRL Initialized — — — — — 14-bit PWM
PWDRU Initialized — — — — —

PWCR Initialized — — — — —

TCSRWD Initialized — — — — — WDT*
TCWD Initialized — — — — —

TMWD Initialized — — — — —

ABRKCR Initialized — — — — — Address break
ABRKSR Initialized — — — — —

BARH Initialized — — — — —_

BARL Initialized — — — — —

BDRH Initialized — — — — —

BDRL Initialized — — — — —

BARE Initialized — — — — —

Rev. 1.50 Sep. 18,2007 Page 494 of 584

REJ09B0240-0150 RENESAS



Section 22 List of Registers

Register Name Reset Active Sleep Subactive Subsleep Standby Module
PUCR1 Initialized — — — — — 1/0 port
PUCR5 Initialized — — — — —
PDR1 Initialized — — — — _
PDR2 Initialized — — — — —
PDR3 Initialized — — — — _
PDR5 Initialized — — — — —
PDR7 Initialized — — — — _
PDR8 Initialized — — — — _
PDRC Initialized — — — — —
PMR1 Initialized — — — — _
PMR5 Initialized — — — — —
PMR3 Initialized — — — — _
PCR1 Initialized — — — — —
PCR2 Initialized — — — — —
PCR3 Initialized — — — — _
PCR5 Initialized — — — — —
PCR7 Initialized — — — — _
PCR8 Initialized — — — — —
PCRC Initialized — — — — _
SYSCRS3 Initialized — — — — — Power-down
SYSCRT1 Initialized ~— — — — — modes
SYSCR2 Initialized — — — — —
IEGR1 Initialized — — — — — Interrupt
IEGR2 Initialized — — — — _
IENR1 Initialized — — — — —
IENR2 Initialized — — — — —
IRR1 Initialized — — — — _
IRR2 Initialized — — — — —
IWPR Initialized — — — — _
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Register Name Reset Active Sleep Subactive Subsleep Standby Module
MSTCR1 Initialized — — — — — Power-down
MSTCR2 Initialized — — — — — modes
Notes: — is not initialized

*  WDT: Watchdog timer
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Section 23 Electrical Characteristics

23.1  Absolute Maximum Ratings

Table23.1 Absolute Maximum Ratings

Item Symbol Value Unit Notes
Power supply voltage Vo -0.31t0 +7.0 \Y, *
Analog power supply voltage AV, -0.3t0 +7.0 \
Input voltage  Ports other than ports F, G, V| -0.3toV_ +0.3 \
and X1
Ports F, G -0.3t0 AV, +0.3 \
X1 -0.3t04.3 \
Operating temperature T, Regular specifications: °C
—20to +75
Wide-range specifications: °C
—40 to +85
Storage temperature T -55to +125 °C

stg

Note: * Permanent damage may result if maximum ratings are exceeded. Normal operation
should be under the conditions specified in Electrical Characteristics. Exceeding these
values can result in incorrect operation and reduced reliability.
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23.2 Electrical Characteristics

2321 Power Supply Voltage and Operating Ranges

(1) Power Supply Voltage and External Oscillation Frequency Range

% osc (MH2) o w (kHz)

20.0 --f--------

32768 |- - - -

10.0 -4-- : ' .

40 -4-- s E

3.0 4.0 55 Vg (V) 3.0 4.0 5.5 Vg (V)
° AVCC =3.0to 5.5V ° AVCC =3.0to 55V
¢ Active mode * All operating modes

¢ Sleep mode
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(2) Power Supply Voltage and Operating Frequency Range
& (MHz) ¢dsus (kHz)
200 f----------
16.384 |---- e
10.0 |---- . ! T :
5 8.192 | - -- [EEEEEE )
4.0 [---- ' | 4.096
30 40 55 Vec (V) 30 40 55 Vge (V)
e AVgc=3.0 to55V e AVgc=3.0t055V
¢ Active mode ¢ Subactive mode
¢ Sleep mode * Subsleep mode
(When MA2 in SYSCR2=0)
¢ (kH2)
2500 |----------
1250 [---- .
78.125 |----

3.0 4.0 5.5 Vee (V)
. AVCC =3.0to 5.5V
¢ Active mode
¢ Sleep mode
(When MA2 in SYSCR2 =1)

(3) Analog Power Supply Voltage and A/D Converter Accuracy Guarantee Range

¢ (MHz)
20.0

10.0

4.0

. VCC =3.0to55V
* Active mode
¢ Sleep mode
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(49) Rangeof Power Supply Voltage and Oscillation Frequency when L ow-Voltage
Detection Circuit isUsed

0o (MHZ)

0 pemmmeme .
16.0 f---1 : :

40}---

3.0 45 55 Vge(V)

[ Operation guarantee range

[ Operation guarantee range except
A/D conversion accuracy

23.2.2 DC Characteristics

Table23.2 DC Characteristics (1)

Vie=3.0t055V,V, =00V, T, =-20 to +75°C/-40 to +85°C, unless otherwise indicated.

Values

Iltem Symbol Applicable Pins Test Condition Min. Typ. Max. Unit  Notes

Input high Vv, RES, NMI, Vo=40t055V  V, x08 — Vo +03 V

voltage WKPO to WKP5,
TRQO to IRQ3,
ADTRG, TMIB1,
TMRIV, TMCIV,
FTIOAO to FTIODO,
FTIOA1 to FTIOD1,
FTIOA2 to FTIOD2,

FTIOA3 to FTIOD3, Veex 0.9 — Ve #03  V
FTIOA to FTIOD,

SCK3, SCK3_2,

SCK3_3, TRGV,

FTCI, TRGC,

TRCOI, TRDOL_O,

TRDOI_1
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Values

Iltem Symbol Applicable Pins Test Condition Min. Typ. Max. Unit  Notes

Input high  V,, RXD, RXD_2, V,=4.0t055V V,x07 — V,+03 V
voltage RXD_3, SCL, SDA,

P10 to P12,

P14 to P17,

P20 to P27,

P30 to P37,

P50 to P57,

P70 to P72,

P74 to P77, V,x08 — V,+03 V

P85 to P87,

PCO to PC3,

PDO to PD7,

PEO to PE7,

PHO to PH7,

PJO, PJ1

PFO to PF7, AV, = AV, x 0.7 — AV, +0.3 V
PGO to PG7 40t05.5V

AV, = AV, x0.8 — AV, +03 V
3.0to55V

0sCt V= v
401055V

w-05 — V,+03 V

Ve—03 — Ve +03 V

cc

Note: Connect the TEST pin to Vss.
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Values

Iltem Symbol Applicable Pins Test Condition Min. Typ. Max. Unit  Notes

Inputlow  V, RES, NMI, V,=40t055V -0.3 — Vex02 V

voltage WKPO to WKP5,
TRQO to IRQ3,
ADTRG, TMIB1,
TMRIV, TMCIV,
FTIOAO to FTIODO,
FTIOA1 to FTIOD1,
FTIOA2 to FTIOD2,

FTIOA3 to FTIOD3, -03 — Veex 0.1V
FTIOA to FTIOD,

SCK3, SCK3_2,

SCK3_3, TRGV,

FTCI, TRGC,

TRCOI, TRDOI_O,

TRODI_1

RXD, RXD_2, V,=40t055V  -03 — V,x03 V
RXD_3, SCL, SDA,

P10to P12,

P14 to P17,

P20 to P27,

P30 to P37,

P50 to P57,

P70 to P72,
P74 to P77, -0.3 — Vex02 V
P85 to P87,

PCO to PC3

PDO to PD7

PEO to PE7

PHO to PH7

PJO, PJ1

PFO to PF7 AV, =4.0t055V -0.3 — AV, x03 V

PGO to PG7 AV, =30t055V 03  — AV x 0.2 V

0sC1 V,=40t055V  -03 — 05 v

-0.3 — 0.3 \
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Values
Iltem Symbol Applicable Pins Test Condition Min. Typ. Max. Unit  Notes
Output high V, P10 to P12, V,=4.0t055V Ve—10 — — \Y
voltage P14 to P17, =l =5.0mA
P20 to P27,
P30 to P37,
P50 to P55,
P70 to P72,
P74 to P77,
P85 to P87, —|QH =0.1mA Vcc -05 — — \
PCO to PC3,
PDO to PD7,
PEO to PE7,
PHO to PH7,
PJO, PJ1
PGO to PG7 =1, =0.1mA AV, -05 — —
P56, P57 40V<V, <55V Vi—25 — —
Iy =0.1 MA
30V<V, <40V Vi—22 — — \Y
oy = 0.1 MA
Output ' P10 to P12, V,=4.0t055V — — 0.6 \Y
low P14 to P17, lo, =1.6 MA
voltage P20 to P27,
P30 to P37,
P50 to P57,
P70 to P72,
P74 to P77, |QL =0.2 mA — — 0.4 \
P85 to P87,
PCO to PC3,
PHO to PH3,
PJO, PJ1
PGO to PG7 l,=0.2mA — — 0.4
PDO to PD7, V,=40t055V — — 1.5
PEO to PE7, l,, =20.0 mA
PHA4 to PH7 V_-40t055V  — — 10 v
l,, =10.0 mA
V,=4.0t055V — — 0.4 \
l,=16mA
I, =0.4 mA — — 0.4
SCL, SDA V,=4.0t055V — — 0.6
I, =6.0mA
l,=3.0mA — — 0.4 \Y
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Values

Iltem Symbol Applicable Pins Test Condition Min. Typ. Max. Unit  Notes

Input/ [, 0SC1,RES,NMI,  V,,=0.5V or higher — — 1.0 pA
output WKPO to WKP5, (V. —0.5V)
leakage TRQO to IRQ3,
current ADTRG, TRGV,

TMRIV, TMCIV,

FTIOAO to FTIODO,

FTIOA1 to FTIOD1,

FTIOA2 to FTIOD2,

FTIOAS to FTIODS,

FTIOA to FTIOD,

RXD, SCK3,

RXD_2, SCK3_2,

RXD_3, SCK3_3,

SCL, SDA, TMIB1,

FTCI, TRGC,

TRCOI, TRDOLO, v —05V orhigher — — 1.0 pA
TRDOI_1 (V.- 0.5V)
P10 to P12,

P14to P17,

P20 to P27,

P30 to P37,

P50 to P57,

P70 to P72,

P74 to P77,

P85 to P87,

PCO to PC3,

PDO to PD7,

PEO to PE7,

PHO to PH7,

PJO, PJ1

PFO to PF7, V,=0.5Vorhigher — — 1.0 pA
PGO to PG7 (AV,,-0.5V)

Pull-up - P10to P12, V=50V, 50.0 — 300.0 pA

P

MOS P14 to P17, V,=0.0V

current P80 to P55 V,, =30V, — 60.0 — WA Reference

V,=0.0V value

Input C All input pins except f=1 MHz, — — 15.0 pF

capacitance power supply pins  V, =0.0V,
T,=25°C
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Item Symbol

Applicable Pins

Test Condition

Values

Min.

Typ.

Max.

Unit

Notes

Active mode  lope,

supply
current

\

cc

Active mode 1
V=50V,
fosc = 20 MHz

33.0

40.0

mA

Active mode 1
V,=3.0V,
fo. = 10 MHz

osc

*

Reference
value

OPE2

cc

Active mode 2
V,=5.0V,
f.sc = 20 MHz

osc

6.0

7.5

mA

*

Active mode 2
V=30V,
fosc = 10 MHz

4.5

*

Reference
value

Sleep mode g cepy
supply
current

cc

Sleep mode 1
V=50V,
fosc = 20 MHz

22.0

30.0

mA

*

Sleep mode 1
V,=3.0V,
fose = 10 MHZ

osc

12.0

*

Reference
value

SLEEP2

cc

Sleep mode 2
V,=5.0V,
f.sc = 20 MHz

osc

5.0

6.5

mA

*

Sleep mode 2
V=30V,
fose = 10 MHz

4.5

*

Reference
value

Subactive |
mode supply
current

suB

cc

V=30V
32-kHz crystal
resonator used

(95 = 0/2)

130

150

A

*

Optional

50

70

*

V=30V
32-kHz crystal
resonator not used

(¢sus = ¢w/ 8)

100

Reference
value
Optional

*

40

*

Subsleep |
mode supply
current

SUBSP1

cc

Subsleep mode 1
V=30V
32-kHz crystal
resonator used

(95 = 9/2)

110

140

A

*

Optional

40

50

*

SUBSP2

cc

Subsleep mode 2
V=30V
32-kHz crystal
resonator not used

110

135

*

Optional

6.0

*

RENESAS
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Values
Iltem Symbol Applicable Pins Test Condition Min. Typ. Max. Unit  Notes
Standby lsrey Vo 32-kHz crystal — — 135 pA *
mode supply resonator not used Optional
current — — 5.0 *
RAM data  V,,, Ve 2.0 — — v
retaining
voltage
Note: * Pin states during supply current measurement are given below (excluding current in the

pull-up MOS transistors and output buffers).

Mode RES Pin Internal State Other Pins Oscillator Pins
Active mode 1 Vo Operates Vo Main clock:
Active mode 2 Operates ceramic or crystal resonator
(¢/64) Subclock:
Pin X1 =V,
Sleep mode 1 Ve, Only timers operate Vo : s
Sleep mode 2 Only timers operate
(4/64)
Subactive mode Vo Operates Ve Main clock:
ceramic or crystal resonator
Subsleep mode 1 Only timers operate Ve Subclock:
crystal resonator
On-chip oscillator stop
Subsleep mode 2 \% CPU and timers \Y Main clock:

cc

cc

Standby mode both stop ceramic or crystal resonator
Subclock:
Pin X1 =V
On-chip oscillator stop
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Table23.2 DC Characteristics(2)

Ve=30t055V,V,=0.0V, T, =-20 to +75°C/—40 to +85°C, unless otherwise indicated.

Values

Item Symbol  Applicable Pins Test Condition Min. Typ. Max. Unit
Allowable output low lo, Output pins except ports V ,=4.0t0 5.5V — — 2.0 mA
current (per pin) D, E, G, PH4 to PH7,

SCL, and SDA

Ports D, E, PH4 to PH7 — — 20.0

Output pins except ports — — 0.5

D, E, G, PH4 to PH7,

SCL, and SDA

Ports D, E, PH4 to PH7 — — 10.0

SCL, SDA — — 6.0

Port G — — 0.4
Allowable output low 2l Output pins except ports V ,=4.0t0 55V — — 40.0 mA
current (total) D, E, PH4 to PH7,

SCL, and SDA

Ports D, E, PH4 to PH7, — — 120.0

SCL, and SDA

Output pins except ports — — 20.0

D, E, G, PH4 to PH7

Ports D, E, PH4 to PH7, — — 60.0

SCL, and SDA

Port G — — 3.2
Allowable output high |—IOH \ All output pins except V., =4.0t055V — — 5.0 mA
current (per pin) P56, P57, and port G — — 02

P56, P57 V,=4.0t055V — — 0.4

— — 0.2

Port G — — 0.2
Allowable output high ~ [-ZI.,| Al output pins V,=40t055V — — 50.0 mA
current (total) — — 8.0

Port G — — 1.6
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23.2.3 AC Characteristics

Table23.3 AC Characteristics

Ve=30t055V,V, =00V, T =-20to +75°C/—40 to +85°C, unless otherwise indicated.

Applicable Values Reference
Item Symbol Pins Test Condition Min Typ. Max. Unit  Figure
System clock oscillation f, 0SC1,08C2 V., =40t055V 4.0 — 20.0 MHz
frequency 4.0 o 10.0
System clock (¢)cycle 1 — 64 tosc *
time o o 12.8 us
Subclock oscillation fo X1, X2 — 32.768 — kHz
frequency
Watch clock (¢,,) t, X1, X2 — 30.5 — us
cycle time
Subclock (¢sus) subcyc 2 7 8 tw *
cycle time
Instruction cycle 2 — — e
time ey
Oscillation stabilization  t_ 0OSCt, — — 10.0 ms
time (crystal resonator) 0sc2
Oscillation stabilization  t_ 0OSCHt, — — 5.0 ms
time (ceramic resonator) 0OSC2
Oscillation stabilization  t_ X1, X2 — — 2.0 s
time
External clock high toon OSCH V,=4.0t055V  20.0 — — ns Figure 23.1
width 40.0 - -
External clock low width t_, OSCH V,=4.0t055V  20.0 — — ns
40.0 — —
External clock rise time  t, 0OSC1 V,=40t055V — — 10.0 ns
— — 15.0
External clock fall time  t_,, OSCH V,=40t055V — — 10.0 ns
— — 15.0
ES pin low width tee RES At power-onandin t; — — ms Figure 23.2
modes other than
those below
In active mode and 1500 — — ns
sleep mode
operation
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Values

Reference
Item Symbol Applicable Pins Test Condition Min. Typ. Max. Unit Figure
NMI pin high width ~ t,, NMI 2tcyc + — — ns Figure 23.3
1500 ns
2tsubcyc +
1500 ns
NMI pin low width ~ t, NMI 2tcyc + — — ns
1500 ns
2tsubcyc +
1500 ns
Input pin high t TMBIA, 3 — — te Figure 23.3
width IRQO to IRQS3, toeye
WKPO to WKP5,
TMCIV, TMRIV,
TRGV, ADTRG,
FTIOAO to FTIODO, 3 — — te
FTIOA1 to FTIODT, tobye
FTIOA2 to FTIOD2, $40M
FTIOAS to FTIODS,
FTIOA to FTIOD,
FTCI, TRGC,
TRCOI, TRDOI_O,
TRDOI_T
Input pin low t, TMBIT, 3 — — e
width IRQO to IRQS3, ey
WKPO to WKP5,
TMCIV, TMRIV,
TRGV, ADTRG
FTIOAO to FTIODO, 3 — — te
FTIOAT1 to FTIODT, o eye
FTIOA2 to FTIOD2, $40M

FTIOAS to FTIODS,
FTIOA to FTIOD,
FTCI, TRGC,
TRCOI, TRDOL_O,
TRDOIL_T

RENESAS
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Item

Applicable Pins

Test Condition

Values

Min.

Max.

Unit

Reference
Figure

On-chip oscillator
oscillation frequency

V,_ =4.0t055V
Ta=25°C
FSEL =1
VCLSEL =0

39.40

40.00

40.60

MHz

Ta=25°C
FSEL =1
VCLSEL =0

39.20

40.00

40.80

MHz

V_=4.0t055V
Ta =-20°C to +75°C
FSEL =1

VCLSEL =0

38.80

40.00

41.20

MHz

V_ =4.0t05.5V

Ta =-40°C to +85°C
FSEL =1

VCLSEL =0

38.40

40.00

41.60

MHz

Ta =-20°C to +75°C
FSEL=1
VCLSEL=0

38.40

40.00

41.60

MHz

Ta =-40°C to +85°C
FSEL =1
VCLSEL =0

38.00

40.00

42.00

MHz

V,_ =4.0t055V
Ta=25°C
FSEL=0
VCLSEL =0

31.52

32.00

32.48

MHz

Ta=25°C
FSEL=0
VCLSEL =0

31.36

32.00

32.64

MHz

V_ =4.0t05.5V

Ta =-20°C to +75°C
FSEL=0

VCLSEL =0

31.04

32.00

32.96

MHz

V_=4.0t055V
Ta = -40°C to +85°C
FSEL =0

VCLSEL =0

30.72

32.00

33.28

MHz

Ta =-20°C to +75°C
FSEL=0
VCLSEL =0

30.72

32.00

33.28

MHz
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Values
Reference
Item Symbol Applicable Pins Test Condition Min. Typ. Max. Unit  Figure
On-chip oscillator fre Ta=-40°Cto +85°C 30.40 32.00 33.60 MHz
oscillation frequency FSEL=0
VCLSEL =0
Note: * Determined by the MA2, MA1, MAO, SA1, and SAO bits in the system control register 2

(SYSCR2).

Table23.4 1°C BusInterface Timing

Vi=3.0t055V,V, =00V, T, =-20 to +75°C/-40 to +85°C, unless otherwise indicated.

Test Values Reference
Item Symbol  Condition Min. Typ. Max. Unit Figure
SCL input cycle time tso 12t + 600 — — ns Figure 23.4
SCL input high width tsen 3t,, +300 — — ns
SCL input low width tow 5t,, +300 — — ns
SCL and SDA input fall  tg — — 300 ns
time
SCL and SDA input spike tg, — — 1t ns
pulse removal time
SDA input bus-free tour 5t — — ns
time
Start condition input hold g, 3t,,, — — ns
time
Retransmission start toras 3t — — ns
condition input setup time
Setup time for stop tsros 3t,,, — — ns
condition input
Data-input setup time toons 1t,,.+20 — — ns
Data-input hold time tsoan 0 — — ns
Capacitive load of c, 0 — 400 pF
SCL and SDA
SCL and SDA output fall  tg Vi=40to — — 250 ns
time 55V

— — 300
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Table23.5 Serial Communication Interface (SCI) Timing

Ve=30t055V,V,=0.0V, T, =-20 to +75°C/—40 to +85°C, unless otherwise indicated.

Applicable Values Reference
Item Symbol Pins Test Condition Min.  Typ. Max. Unit  Figure
Input Asynchro-  t SCK3 4 —  — Figure 23.5
clock nous
oveleCiocked 6 — —
synchro-
nous
Input clock pulse tsorw SCK3 0.4 — 06 tg,
width
Transmit data delay  t,,, TXD Vee=4.0t055V — — 1 toe Figure 23.6
time (clocked
synchronous) — — 1
Receive data setup taxs RXD Vio=4.0t055V 500 — — ns
time (clocked
synchronous) 1000 — —
Receive data hold toxn RXD Vi.=40t055V 500 — — ns
time (clocked
1000 — —

synchronous)
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23.24 A/D Converter Characteristics

Table23.6 A/D Converter Characteristics

Ve=3.0t055V,V, =00V, T =-20to +75°C/—40 to +85°C, unless otherwise indicated.

Applicable  Test Values
Item Symbol Pins Condition Min. Typ. Max. Unit  Notes
Analog power supply AV, AV, 3.0 Ve 5.5 \Y *!
voltage
Analog input voltage AV, ANO to Vg —0.3 — AV, +03 V
AN15
Analog power supply Al AV, AV, =50V — — 2.0 mA
current fosc = 20 MHz
AIST0P1 Avcc - 50 - UA #
Reference
value
AISTOPZ Avcc - - 5.0 UA #®
Analog input Con ANO to — — 30.0 pF
capacitance AN15
Allowable signal R ANO to — — 5.0 kQ
source impedance AN15
Resolution (data 10 10 10 Bit
length)
Conversion time ANO to AV, =30to 134 — — tye
(single mode) AN15 55V
Nonlinearity error — — +7.5 LSB
Offset error — — +7.5 LSB
Full-scale error — — +7.5 LSB
Quantization error — — +0.5 LSB
Absolute accuracy — — +8.0 LSB
Conversion time ANO to AV, =4.0to 70 — — oo
(single mode) AN15 55V
Nonlinearity error — — +7.5 LSB
Offset error — — +7.5 LSB
Full-scale error — — +7.5 LSB
Quantization error — — +0.5 LSB
Absolute accuracy — — +8.0 LSB

RENESAS
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Applicable Test Values
Item Symbol Pins Condition  Min. Typ. Max. Unit  Notes
Conversion time ANO to AV, =4.0to 134 — — tye
(single mode) AN7 55V
Nonlinearity error — — +3.5 LSB
Offset error — — +3.5 LSB
Full-scale error — — +3.5 LSB
Quantization error — — +0.5 LSB
Absolute accuracy — — +4.0 LSB
Conversion time ANS8 to AV, =4.0to 134 — — tye
(single mode) AN15 55V
Nonlinearity error — — +5.5 LSB
Offset error — — +5.5 LSB
Full-scale error — — +5.5 LSB
Quantization error — — +0.5 LSB
Absolute accuracy — — +6.0 LSB

Notes: 1. Set AV _ =V, when the A/D converter is not used.
2. Alg,,, is the current in active and sleep modes while the A/D converter is idle.
3. Al is the current at reset and in standby, subactive, and subsleep modes while the

A/D converter is idle.
2325 Watchdog Timer Characteristics

Table23.7 Watchdog Timer Characteristics

Ve=30t055V,V, =00V, T, =-20 to +75°C/—40 to +85°C, unless otherwise indicated.

Applicable Test Values
Item Symbol Pins Condition Min. Typ. Max. Unit Notes
Internal towe 0.2 0.4 — s *
oscillator
overflow
time

Note: * Shows the time to count from 0 to 255, at which point an internal reset is generated,
when the internal oscillator is selected.
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23.2.6 Flash Memory Characteristics

Table23.8 Flash Memory Characteristics

Ve=30t055V,V, =00V, T =-20to +75°C/—40 to +85°C, unless otherwise indicated.

Test Values

Item Symbol Condition Min. Typ. Max. Unit
Programming time (per 128 bytes)*"#** t, — 7 200 ms
Erase time (per block) *'#%° t. — 100 1200 ms
Reprogramming count Nuwec 1000 10000 — Times
Programming Wait time after SWE X 1 — — ys

bit setting*'

Wait time after PSU y 50 — — ps

bit setting*'

Wait time after P bit setting*'** z1 1<n<6 28 30 32 us

z2 7 <n <1000 198 200 202 us
z3 Additional- 8 10 12 ys
programming

Wait time after P bit clear*’' a 5 — — us

Wait time after PSU bit clear*' B 5 — — us

Wait time after PV bit setting*' y 4 — — us

Wait time after dummy write*' ¢ 2 — — us

Wait time after PV bit clear*' 1 2 — — us

Wait time after SWE bit clear*' 0 100 — — us

Maximum programming N — — 1000 Times

count *'#*°
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Test Values
Item Symbol Condition Min. Typ. Max. Unit
Erasing Wait time after SWE X 1 — — us
bit setting*'
Wait time after ESU y 100 — — ps
bit setting*'
Wait time after E bit setting*'+® z 10 — 100 ms
Wait time after E bit clear*' o 10 — — us
Wait time after ESU bit clear' B 10 — — us
Wait time after EV bit setting*' y 20 — — us
Wait time after dummy write*' ¢ 2 — — us
Wait time after EV bit clear*' 1 4 — — us
Wait time after SWE bit clear*' 0 100 — — us
Maximum erase count *#%” N — — 120 Times

Notes: 1. Make the time settings in accordance with the program/erase algorithms.

2. The programming time for 128 bytes. (Indicates the total time for which the P bit in the
flash memory control register 1 (FLMCR1) is set. The program-verify time is not
included.)

3. The time required to erase one block. (Indicates the time for which the E bit in the flash
memory control register 1 (FLMCR1) is set. The erase-verify time is not included.)

4. Maximum programming time (t, (max.)) = wait time after P bit setting (z) x maximum
programming count (N)

5. Set the maximum programming count (N) according to the actual set values of z1, z2,
and z3, so that it does not exceed the maximum programming time (t, (max.)). The wait
time after P bit setting (z1, z2) should be changed as follows according to the value of
the programming count (n).

Programming count (n)
1<n<6 z1 =30 ps
7<n<1000 z2=200ps

6. Maximum erase time (t, (max.)) = wait time after E bit setting (z) x maximum erase
count (N)

7. Set the maximum erase count (N) according to the actual set value of (z), so that it
does not exceed the maximum erase time (t, (max.)).
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23.2.7 Power-Supply-Voltage Detection Circuit Characteristics (Optional)

Table23.9 Power-Supply-Voltage Detection Circuit Characteristics

V=00V, T, =-20to +75°C/-40 to +85°C, unless otherwise indicated.

Test Values
Item Symbol Condition Min.  Typ. Max. Unit
Power-supply falling detection Vint (D) LVDSEL=0 3.5 3.7 — \
voltage
Power-supply rising detection Vint (U) LVDSEL=0 — 41 4.3 \Y
voltage
Reset detection voltage 1*' Vreset1 LVDSEL=0 — 2.3 2.6 \
Reset detection voltage 2+ Vreset2 LVDSEL=1 3.3 3.6 3.9 Vv
Lower-limit voltage of LVDR V \ormin 1.0 — — \'%
operation

Notes: 1. This voltage should be used when the falling and rising voltage detection function is
used.

2. Select the low-voltage reset 2 when only the low-voltage detection reset is used.
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23.2.8 Power-On Reset Circuit Characteristics (Optional)
Table 23.10 Power-On Reset Circuit Characteristics

V=00V, T, =-20to +75°C/-40 to +85°C, unless otherwise indicated.

Test Values

Item Symbol Condition Min.  Typ. Max. Unit
Pull-up resistance of RES pin Rrcs 100 150 — kQ
Power-on reset start voltage* Voo — — — 100 mV

Note: * The power-supply voltage (Vcc) must fall below Vpor = 100 mV and then rise after
charge of the RES pin is removed completely. In order to remove charge of the RES
pin, it is recommended that the diode be placed in the Vcc side. If the power-supply
voltage (Vcc) rises from the point over 100 mV, a power-on reset may not occur.

23.3  Operation Timing

IH
0OSsC1 &
Vv

tCPH tCF’L

A

vy

<t

CPr CPf

Figure23.1 System Clock Input Timing

£ I
)T ks b

Voo _//VCC x 0.7
wo __AJYUWVUVVVVUU UYL
tReL -~
Z Vie ” Vu.\ [

X0
m
(%)

\ 1

b

el

Figure23.2 RES Low Width Timing
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NMI,

TRQO to IRQ3,
WKPO to WKP5,
ADTRG,

FTIOA to FTIOD,
FTIOAO to FTIODO,
FTIOA1 to FTIOD{,
FTIOA2 to FTIOD2,
FTIOA3 to FTIODS,
TMCIV, TMRIV,
TRGV, FTCI, TMIB1, TRGC,
TRCOI, TRDOI_0, TRDOI_1

Figure23.3 Input Timing

SCL

tscLn :
tscLL '
B i—
1,
Sk ~— tspan

Note: * S, P, and Sr represent the following:
S: Start condition
P: Stop condition
Sr: Retransmission start condition

Figure23.4 1°C BusInterface Input/Output Timing

tSCKW

SCK3

P tScyc _
= =

Figure23.5 SCK3Input Clock Timing
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. tSr:yc |
Vin or Vop *

SCK3 VL or VOL % Z

trxo
TXD - Vou*
(transmit data) N VoL *

trxs
<> | trxn
-]

e X ()

Note: * Output timing reference levels
Output high: Vou=2.0V
Output low: VoL=0.8V
Load conditions are shown in figure 23.7.

Figure23.6 SCI Input/Output Timingin Clocked Synchronous M ode

23.4  Output Load Condition

2.4kQ

LSl output pin @ ! K

30 pF == 12kQ

us

Figure23.7 Output Load Circuit
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A.

A.l

Appendix

Instruction Set

Instruction List

Condition Code

Symbol Description

Rd General destination register

Rs General source register

Rn General register

ERd General destination register (address register or 32-bit register)

ERs General source register (address register or 32-bit register)

ERn General register (32-bit register)

(EAd) Destination operand

(EAs) Source operand

PC Program counter

SP Stack pointer

CCR Condition-code register

N N (negative) flag in CCR

Zz Z (zero) flag in CCR

\ V (overflow) flag in CCR

C C (carry) flag in CCR

disp Displacement

- Transfer from the operand on the left to the operand on the right, or transition from
the state on the left to the state on the right

+ Addition of the operands on both sides

Subtraction of the operand on the right from the operand on the left

Multiplication of the operands on both sides

Division of the operand on the left by the operand on the right
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Symbol

Description

AN

Logical AND of the operands on both sides

\2

Logical OR of the operands on both sides

Logical exclusive OR of the operands on both sides

NOT (logical complement)

Contents of operand

Changed according to execution result

Undetermined (no guaranteed value)

Cleared to 0

Setto 1

Not affected by execution of the instruction

A

Varies depending on conditions, described in notes

Note: General registers include 8-bit registers (ROH to R7H and ROL to R7L) and 16-bit registers
(RO to R7 and EO to E7).
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TableA.1

1. Data Transfer Instructions

Instruction Set

Addressing Mode and No. of
Instruction Length (bytes) States*!
s Condition Code
Mnemonic 8 4 Operation
(2] — @ . -
S gz O 5| 8
T c|W| gy a|lw T |
ol |EI2|Y]g]2|0 £ElE
O|#||®|I®®Q|IQI® HI{N|lZ|V]|C|Z2 | <
MOV |MOV.B #xx:8, Rd B|2 #xx:8 — Rd8 —|T|T|o|— 2
MOV.B Rs, Rd B 2 Rs8 — Rd8 —|T|T|0o|— 2
MOV.B @ERs, Rd B 2 @ERs — Rd8 —|T|T|o|— 4
MOV.B @(d:16, ERs), Rd B 4 @(d:16, ERs) — Rd8 —[T|T|o|— 6
MOV.B @(d:24, ERs), Rd B 8 @(d:24, ERs) — Rd8 —|T|T|o|— 10
MOV.B @ERs+, Rd B 2 @ERs — Rd8 —|T|T|0o|— 6
ERs32+1 — ERs32
MOV.B @aa:8, Rd B 2 @aa:8 — Rd8 —|T|T|0o|— 4
MOV.B @aa:16, Rd B 4 @aa:16 — Rd8 —[T|T|o|— 6
MOV.B @aa:24, Rd B 6 @aa:24 — Rd8 —|T|T|o|— 8
MOV.B Rs, @ERd B 2 Rs8 — @ERd —|T|T|o|— 4
MOV.B Rs, @(d:16, ERd) B 4 Rs8 — @(d:16, ERd) —[T|T|o|— 6
MOV.B Rs, @(d:24, ERd) B 8 Rs8 — @(d:24, ERd) —|T|T|o|— 10
MOV.B Rs, @—ERd B 2 ERd32-1 — ERd32 —|T|T|o|— 6
Rs8 — @ERd
MOV.B Rs, @aa:8 B 2 Rs8 — @aa:8 —[T|T|o|— 4
MOV.B Rs, @aa:16 B 4 Rs8 — @aa:16 —[T|T|o|— 6
MOV.B Rs, @aa:24 B 6 Rs8 — @aa:24 —[T|T|o|— 8
MOV.W #xx:16, Rd w4 #xx:16 — Rd16 —|T|T|o|— 4
MOV.W Rs, Rd w 2 Rs16 — Rd16 —[T|T|o|— 2
MOV.W @ERs, Rd w 2 @ERs — Rd16 —|T|T|o|— 4
MOV.W @(d:16, ERs), Rd | W 4 @(d:16, ERs) — Rd16 —|T|T|o|— 6
MOV.W @(d:24, ERs), Rd | W 8 @(d:24, ERs) — Rd16 —|T({T|o|— 10
MOV.W @ERs+, Rd w 2 @ERs — Rd16 —[T|T|o|— 6
ERs32+2 — @ERd32
MOV.W @aa:16, Rd w 4 @aa:16 — Rd16 —[T|T|o|— 6
MOV.W @aa:24, Rd w 6 @aa:24 — Rd16 —|T|T|o|— 8
MOV.W Rs, @ERd w 2 Rs16 — @ERd —[T|T|o|— 4
MOV.W Rs, @(d:16, ERd) | W 4 Rs16 — @(d:16, ERd) —|T|T|o|— 6
MOV.W Rs, @(d:24, ERd) |W 8 Rs16 — @(d:24, ERd) —|T|T|o|— 10
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Addressing Mode and No. of
Instruction Length (bytes) States*!
pa Condition Code
Mnemonic 8 5 Operation
(7] =le -
° 12 o ja}
2 x| o — | &
< c|W|x oo © c
i o s il A Y £ ©
Q1 x I I R i A RCA NG 5|3
< o T
O|#||®|®|0|IQ|® |6 I |H|N|Z |V z | <
MOV |MOV.W Rs, @-ERd w 2 ERd32-2 — ERd32 —|—|T (T |0 6
Rs16 — @ERd
MOV.W Rs, @aa:16 w 4 Rs16 — @aa:16 —|—|T (T |0 6
MOV.W Rs, @aa:24 w 6 Rs16 — @aa:24 —[—=|T|T]o 8
MOV.L #xx:32, ERd L|6 #xx:32 — ERd32 —|—|T|T |0 6
MOV.L ERs, ERd L 2 ERs32 — ERd32 —|—|T|T|o 2
MOV.L @ERs, ERd L 4 @ERs — ERd32 —|—|T|T |0 8
MOV.L @(d:16, ERs), ERd L 6 @(d:16, ERs) — ERd32 — =TT o0 10
MOV.L @(d:24, ERs), ERd L 10 @(d:24, ERs) — ERd32 —|—|T|T |0 14
MOV.L @ERs+, ERd L 4 @ERs — ERd32 — =TT |0 10
ERs32+4 — ERs32
MOV.L @aa:16, ERd L 6 @aa:16 — ERd32 —|—[T|T|o 10
MOV.L @aa:24, ERd L 8 @aa:24 — ERd32 —|—|T (T |0 12
MOV.L ERs, @ERd L 4 ERs32 — @ERd —|—[T|T|o 8
MOV.L ERs, @(d:16, ERd) L 6 ERs32 — @(d:16, ERd) —|—|T|T|o 10
MOV.L ERs, @(d:24, ERd) L 10 ERs32 — @(d:24, ERd) —|—|T|T|o 14
MOV.L ERs, @-ERd L 4 ERd32-4 — ERd32 —|—|T (T |0 10
ERs32 — @ERd
MOV.L ERs, @aa:16 L 6 ERs32 - @aa:16 —|—|T (T |0 10
MOV.L ERs, @aa:24 L 8 ERs32 —» @aa:24 —|—[T|T |0 12
POP |POP.W Rn w @SP — Rn16 —|—|T (T |0 6
SP+2 - SP
POP.L ERn L @SP — ERn32 —|—|T|T|o 10
SP+4 — SP
PUSH |PUSH.W Rn w SP-2 — SP —|—|T (T |0 6
Rn16 — @SP
PUSH.L ERn L SP—4 — SP —|—|T (T |0 10
ERn32 - @SP
MOVFPE|MOVFPE @aa:16, Rd B 4 Cannot be used in Cannot be used in
this LS| this LS|
MOVTPE|MOVTPE Rs, @aa:16 B 4 Cannot be used in Cannot be used in
this LS| this LS|
Rev. 1.50 Sep. 18,2007 Page 524 of 584
REJ09B0240-0150 RENESAS




Appendix

2. Arithmetic Instructions

Addressing Mode and No. of
Instruction Length (bytes) States*!
pt Condition Code
Mnemonic % & Operation
2] —
2 £l |o N
T c|lWw| g Q| © c
slal |EI2|9 5|20 =
O|#||®|®IQ|IB®| |0 Hi{N[Z|V]|C|Z2|<
ADD |ADD.B #xx:8, Rd B|2 Rd8+#xx:8 — Rd8 O IO RO RO 3 2
ADD.B Rs, Rd B 2 Rd8+Rs8 — Rd8 T|IT|T|T|T 2
ADD.W #xx:16, Rd w4 Rd16+#xx:16 — Rd16 MmTITIT|T 4
ADD.W Rs, Rd w 2 Rd16+Rs16 — Rd16 MmTIT|T|T 2
ADD.L #xx:32, ERd L|6 ERd32+#xx:32 — @[T |T(T|T 6
ERd32
ADD.L ERs, ERd L 2 ERd32+ERs32 — [ O OB ON 2
ERd32
ADDX |ADDX.B #xx:8, Rd B|2 Rd8+#xx:8 +C — Rd8 T{T|@®TT 2
ADDX.B Rs, Rd B 2 Rd8+Rs8 +C — Rd8 O RO <) | O I 2
ADDS |ADDS.L #1, ERd L 2 ERd32+1 — ERd32 —|==|=- 2
ADDS.L #2, ERd L 2 ERd32+2 — ERd32 —|—=—=|=— 2
ADDS.L #4, ERd L 2 ERd32+4 — ERd32 —|==|=- 2
INC |INC.BRd B 2 Rd8+1 — Rd8 2|22 |- 2
INC.W #1, Rd w 2 Rd16+1 — Rd16 —|T|T|T|— 2
INC.W #2, Rd w 2 Rd16+2 — Rd16 —[T|T|T|— 2
INC.L #1, ERd L 2 ERd32+1 — ERd32 —|T|T|T|— 2
INC.L #2, ERd L 2 ERd32+2 — ERd32 —|T|T|T|— 2
DAA |DAA Rd B 2 Rd8 decimal adjust Rl BON ON B B 2
— Rd8
SUB |SUB.BRs, Rd B 2 Rd8-Rs8 — Rd8 O RO O RO 2
SUB.W #xx:16, Rd w4 Rd16—#xx:16 — Rd16 —|Mm[T|T|T|T 4
SUB.W Rs, Rd w 2 Rd16-Rs16 — Rd16 —H[T|T|T|T 2
SUB.L #xx:32, ERd L|s ERd32—#xx:32 > ERd32 [—[(@|T [T [T |T 6
SUB.L ERs, ERd L 2 ERd32-ERs32 - ERd32 |— (@[T (T[T | 2
SUBX |SUBX.B #xx:8, Rd B|2 Rd8—#xx:8-C — Rd8 T1T|@T|T 2
SUBX.B Rs, Rd B 2 Rd8-Rs8-C — Rd8 TIT@T|T 2
SUBS |SUBS.L #1, ERd L 2 ERd32-1 — ERd32 R [N — 2
SUBS.L #2, ERd L 2 ERd32-2 — ERd32 — = === 2
SUBS.L #4, ERd L 2 ERd32-4 — ERd32 R [ e - 2
DEC |DEC.BRd B 2 Rd8-1 — Rd8 —T|T|T|— 2
DEC.W #1, Rd w 2 Rd16-1 — Rd16 —|T|T|T|— 2
DEC.W #2, Rd w 2 Rd16-2 — Rd16 —[T|T|T|— 2
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Appendix

Addressing Mode and No. of
Instruction Length (bytes) States*!
p Condition Code
Mnemonic 8 & Operation

(7] ~
iy c|© —~ B
c x|s O — | 8
I c|W| gy a| o © c
- "4 - W -| © £ ©
2lzlc|uw|2| glzle 5|3
O|l#||®I®I®|Q|1®|® H{N|[Z|V|C|Z2| <

DEC |DEC.L #1, ERd 2 ERd32-1 — ERd32 —[(T(T|T|— 2
DEC.L #2, ERd 2 ERd32-2 — ERd32 —2|T|T |- 2

DAS |DAS.Rd B 2 Rd8 decimal adjust L O BON B 2

— Rd8
MULXU|MULXU. B Rs, Rd B 2 Rd8 x Rs8 — Rd16 — = === 14
(unsigned multiplication)
MULXU. W Rs, ERd w 2 Rd16 x Rs16 — ERd32 — = === 22
(unsigned multiplication)
MULXS|MULXS. B Rs, Rd B 4 Rd8 x Rs8 — Rd16 —[( T[T |—|— 16
(signed multiplication)
MULXS. W Rs, ERd w 4 Rd16 x Rs16 — ERd32 —[( T[T |—|— 24
(signed multiplication)
DIVXU |DIVXU. B Rs, Rd B 2 Rd16 + Rs8 — Rd16 —|®) |7 —|— 14
(RdH: remainder,
RdL: quotient)
(unsigned division)
DIVXU. W Rs, ERd w 2 ERd32 + Rs16 — ERd32 —le|o|—|— 22
(Ed: remainder,
Rd: quotient)
(unsigned division)
DIVXS |DIVXS. B Rs, Rd B 4 Rd16 + Rs8 — Rd16 —|@® 0| —|— 16
(RdH: remainder,
RdL: quotient)
(signed division)
DIVXS. W Rs, ERd w 4 ERd32 + Rs16 — ERd32 —le|o|—|— 24
(Ed: remainder,
Rd: quotient)
(signed division)

CMP |CMP.B #xx:8, Rd B|2 Rd8—#xx:8 T|T|T|T|?T 2
CMP.B Rs, Rd B 2 Rd8-Rs8 O ROR RO ORI 2
CMP.W #xx:16, Rd w4 Rd16—#xx:16 MmITITITe 4
CMP.W Rs, Rd w 2 Rd16-Rs16 MmTITITT 2
CMP.L #xx:32, ERd L|s6 ERd32—#xx:32 @IT(T|T|?T 4
CMP.L ERs, ERd L 2 ERd32-ERs32 [ ON RON 0N 0 2
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Appendix

Addressing Mode and No. of
Instruction Length (bytes) States*!
° pa Condition Code
Mnemonic N 5 Operation
[ =® =
] S o 9]
S x| = 8 — | 8
< c|W| Q| o < c
5 rlslu|la|ls|d E| S
lzlclu|S|i|c[2|® 5| 3
A EAN AN I[HIN|z|V|c|Zz | <
NEG [NEG.BRd B 2 0-Rd8 — Rd8 —|T(T|T(T|T 2
NEG.W Rd w 2 0-Rd16 — Rd16 —[(T|T|T|T|T 2
NEG.L ERd L 2 0-ERd32 — ERd32 —|T(T|T|T|T 2
EXTU |EXTU.W Rd W 2 0 — (<bits 15 to 8> —|—fofT|0|— 2
of Rd16)
EXTU.L ERd L 2 0 — (<bits 31 to 16> —|—(of[T|0|— 2
of ERd32)
EXTS |EXTS.W Rd W 2 (<bit 7> of Rd16) — —[—=|T(T|o|— 2
(<bits 15 to 8> of Rd16)
EXTS.L ERd L 2 (<bit 15> of ERd32) — —[—=|T(T|o|— 2
(<bits 31 to 16> of
ERd32)
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3. Logic Instructions

Addressing Mode and No. of
Instruction Length (bytes) States*!
pa Condition Code
Mnemonic N & Operation

a =l® =

o s O @

c o = O . 15}

S c|lWw| g ol o © c

= Clold|lalol] S £ 9

Q| x [l A R I AN s |3

o $% c = = o kel

O|#|x|®|®|®|®|®|® H|N|Z]|V z | <
AND |AND.B #xx:8, Rd B|2 Rd8A#xx:8 — Rd8 —|2 (T |0 2
AND.B Rs, Rd B 2 Rd8ARs8 — Rd8 —|T(T|o0 2
AND.W #xx:16, Rd W|4 Rd16A#xx:16 — Rd16 —|T(T|o0 4
AND.W Rs, Rd w 2 Rd16ARs16 — Rd16 —(T(T]o 2
AND.L #xx:32, ERd L|6 ERd32#xx:32 — ERd32 —|T(T|o0 6
AND.L ERs, ERd L 4 ERd32AERs32 — ERd32 —[(T|T]|o 4
OR |OR.B #xx:8, Rd B2 Rd8#4xx:8 — Rd8 —[(2]T]o 2
OR.B Rs, Rd B 2 Rd8Rs8 — Rd8 —|T(T|o0 2
OR.W #xx:16, Rd W | 4 Rd164xx:16 — Rd16 —(T(T]o 4
OR.W Rs, Rd w 2 Rd16Rs16 — Rd16 —[2]T o 2
OR.L #xx:32, ERd L|6 ERd324xx:32 — ERd32 —|T(T|o0 6
OR.L ERs, ERd L 4 ERdJ32ERs32 — ERd32 —[T|T o 4
XOR [XOR.B #xx:8, Rd B2 Rd8®#xx:8 — Rd8 —[2]T o 2
XOR.B Rs, Rd B 2 Rd8®Rs8 — Rd8 —|T(T|o0 2
XOR.W #xx:16, Rd W\ 4 Rd16®#xx:16 — Rd16 —|2(T]|o0 4
XOR.W Rs, Rd w 2 Rd16®Rs16 — Rd16 —|T(T|o0 2
XOR.L #xx:32, ERd L|6 ERd32&#xx:32 — ERd32 —|T(T|o0 6
XOR.L ERs, ERd L 4 ERd3260ERs32 — ERd32 —[T|T o 4
NOT [NOT.B Rd B 2 - Rd8 — Rd8 —|T|T]|o 2
NOT.W Rd w 2 - Rd16 — Rd16 —|T(T|o0 2
NOT.L ERd L 2 - Rd32 — Rd32 —[T]T o 2
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4. Shift Instructions

Addressing Mode and No. of
Instruction Length (bytes) States*!
pa Condition Code
Mnemonic 8 & Operation

(7] — -

hid = @ —~ @

c [Fa S O — o

= c|W|g a g ] c

o | x Tlsl¥lis|s|e® E| S

o | X|e|L(= L] 8| = o | ©

O|¥|xz|®|®|I®Q|0Q] | I|H|N[Z|V|Cc|Z | <
SHAL |SHAL.B Rd B 2 _ ol == TIT|T|T 2
SHAL.W Rd w 2 —|—(T|T[T|T 2
SHAL.L ERd L 2 MsB LSB [_|—fz]s|¢ ]2 2
SHAR |SHAR.B Rd B 2 _ —|—(T|T|0|T 2
SHAR.W Rd w| |2 e —[=Tz]z]olzs| =2
SHAR.L ERd L 2 vsB Lse —|—{T|2|o]2 2
SHLL |SHLL.B Rd B 2 _ —|—|T|T]0|T 2

0

SHLL.W Rd w 2 —|—|T|T]0o|T 2
SHLL.L ERd L 2 MSB LB | _|—[2|2|o]2 2
SHLR [SHLR.B Rd B 2 —|—|T|T|0o|T 2
SHLR.W Rd w 2 0 _ —|—|T|T]0|T 2
SHLR.L ERd L 2 MsB LSB —[—=[2|2 o] 2
ROTXL |ROTXL.B Rd B 2 —|—|T|T]0|T 2
ROTXLW TIRE e le] -
ROTXL.L ERd L 2 MSB=——1LSB | |7 [T 0|2 2
ROTXR|ROTXR.B Rd B 2 —|—|T|T|0o|T 2
ROTXR.W Rd w 2 —|=|s|T]o]|2 2
ROTXR.L ERd L 2 MSB——>LSB —[—=[2|2 |02 2
ROTL |ROTL.BRd B 2 I _ —|—=[T|T|0|T 2
ROTL.W Rd w 2 i | I o N N S P 2
ROTL.L ERd L 2 MSB=——1LSB | _|—|7 |l |0]C 2
ROTR |ROTR.B Rd B 2 _ —|—|T|T|0o|T 2
ROTR.W Rd w 2 —|—=[T|T|0|T 2
ROTR.L ERd L 2 vSB ~LSB —|—=[2|2|o]|2 2
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5. Bit-Manipulation Instructions

Addressing Mode and No. of
Instruction Length (bytes) States*!
p Condition Code
Mnemonic N & Operation
3 g2 |o |8
] clu|& 0| w T | o
ol |El2|Y] 8|20 S
O|#||®|®B®|I0(8|® HI{N|[Z|V z | <
BSET |BSET #xx:3, Rd B 2 (#xx:3 of Rd8) « 1 — === 2
BSET #xx:3, @ERd B 4 (#xx:3 of @ERd) « 1 — === 8
BSET #xx:3, @aa:8 B 4 (#xx:3 of @aa:8) « 1 —|—|—|— 8
BSET Rn, Rd B 2 (Rn8 of Rd8) « 1 —|—|—— 2
BSET Rn, @ERd B 4 (Rn8 of @ERd) « 1 ——|—|— 8
BSET Rn, @aa:8 B 4 (Rn8 of @aa:8) « 1 —|—|—|— 8
BCLR |BCLR #xx:3, Rd B 2 (#xx:3 of Rd8) < 0 —|——|— 2
BCLR #xx:3, @ERd B 4 (#xx:3 of @ERd) « 0 —|—|—|— 8
BCLR #xx:3, @aa:8 B 4 (#xx:3 of @aa:8) « 0 — === 8
BCLR Rn, Rd B 2 (Rn8 of Rd8) « 0 ——|—|— 2
BCLR Rn, @ERd B 4 (Rn8 of @ERd) « 0 —|—|—|— 8
BCLR Rn, @aa:8 B 4 (Rn8 of @aa:8) « 0 —|—|—— 8
BNOT |BNOT #xx:3, Rd B 2 (#xx:3 of Rd8) « — === 2
- (#xx:3 of Rd8)
BNOT #xx:3, @ERd B 4 (#xx:3 of @ERd) « — === 8
- (#xx:3 of @ERd)
BNOT #xx:3, @aa:8 B 4 (#xx:3 of @aa:8) « — === 8
- (#xx:3 of @aa:8)
BNOT Rn, Rd B 2 (Rn8 of Rd8) « —|—|—— 2
- (Rn8 of Rd8)
BNOT Rn, @ERd B 4 (Rn8 of @ERd) « ——|—|— 8
- (Rn8 of @ERd)
BNOT Rn, @aa:8 B 4 (Rn8 of @aa:8) « —|—=1—|— 8
- (Rn8 of @aa:8)
BTST |BTST #xx:3, Rd B 2 - (#xx:3 of Rd8) — Z — =T |— 2
BTST #xx:3, @ERd B 4 - (#xx:3 of @ERd) - Z — =7 |—= 6
BTST #xx:3, @aa:8 B 4 - (#xx:3 of @aa:8) —» Z — =T |- 6
BTST Rn, Rd B 2 - (Rn8 of @Rd8) — Z — =7 |—= 2
BTST Rn, @ERd B 4 - (Rn8 of @ERd) — Z — =T |— 6
BTST Rn, @aa:8 B 4 - (Rn8 of @aa:8) »Z —| =T |—= 6
BLD |BLD #xx:3, Rd B 2 (#xx:3 of Rd8) — C —|——|— 2
Rev. 1.50 Sep. 18,2007 Page 530 of 584
REJ09B0240-0150 RENESAS




Appendix

Addressing Mode and No. of
Instruction Length (bytes) States*!
p Condition Code
Mnemonic L & Operation
(7] =l® . -
b gz 0 = |8
@ c|W| gy ol © c
Slxl |29 g|2|e E|S
O|¥|x2|®|®|0|0|8 (0] | I|{H[N|Z|V|Cc|Zz|<
BLD ([BLD #xx:3, @ERd B 4 (#xx:3 of @ERd) — C —|—=|=]=—|7 6
BLD #xx:3, @aa:8 B 4 (#xx:3 of @aa:8) — C —|—=|=[=]—=|7 6
BILD |[BILD #xx:3, Rd B 2 - (#xx:3 of Rd8) — C — === —|7 2
BILD #xx:3, @ERd B 4 - (#xx:3 of @ERd) —» C —|—=|=[=]=|7 6
BILD #xx:3, @aa:8 B 4 - (#xx:3 of @aa:8) — C —|—=|=]=—|7 6
BST |BST #xx:3, Rd B 2 C — (#xx:3 of Rd8) — === |—|— 2
BST #xx:3, @ERd B 4 C — (#xx:3 of @ERd24) — === == 8
BST #xx:3, @aa:8 B 4 C — (#xx:3 of @aa:8) — === |—|— 8
BIST |[BIST #xx:3, Rd B 2 - C — (#xx:3 of Rd8) — === == 2
BIST #xx:3, @ERd B 4 - C — (#xx:3 of @ERd24) — === — 8
BIST #xx:3, @aa:8 B 4 - C — (#xx:3 of @aa:8) — === |—|— 8
BAND |BAND #xx:3, Rd B 2 CA(#xx:3 of Rd8) —» C —|—=|=[=]—=|7 2
BAND #xx:3, @ERd B 4 CA(#xx:3 of @ERd24) — C — === —17 6
BAND #xx:3, @aa:8 B 4 CA(#xx:3 of @aa:8) - C —|—=[=——17 6
BIAND |BIAND #xx:3, Rd B 2 CA = (#xx:3 of Rd8) —» C —|—=[==—17 2
BIAND #xx:3, @ERd B 4 Ca- (#xx:30of @ERd24) > C |[—|—|—|—|—|T 6
BIAND #xx:3, @aa:8 B 4 Ch - (#xx:3 of @aa:8) — C — === —17 6
BOR |BOR #xx:3, Rd B 2 Cv(#xx:3 of Rd8) —» C —|—=[{=——17 2
BOR #xx:3, @ERd B 4 Cv(#xx:3 of @ERd24) — C — === —17 6
BOR #xx:3, @aa:8 B 4 Cv(#xx:3 of @aa:8) — C —|—=[{=——17 6
BIOR |BIOR #xx:3, Rd B 2 Cv = (#xx:3 of Rd8) —» C —|—=[==—17 2
BIOR #xx:3, @ERd B 4 Cv - (#xx:3 of @ERd24) >C | —|—|—|—|—]|2 6
BIOR #xx:3, @aa:8 B 4 Cv = (#xx:3 of @aa:8) - C — === —17 6
BXOR |BXOR #xx:3, Rd B 2 Co(#xx:3 of Rd8) — C —|—=|=[=]=|7 2
BXOR #xx:3, @ERd B 4 Co(#xx:3 of @ERd24) — C — === —17 6
BXOR #xx:3, @aa:8 B 4 Ca(#xx:3 of @aa:8) — C —|—=[{=——17 6
BIXOR |BIXOR #xx:3, Rd B 2 C® - (#xx:3 of Rd8) —» C — === —17 2
BIXOR #xx:3, @ERd B 4 C® - (#xx:3of @ERd24) »C |[—|—|—|—|—|T 6
BIXOR #xx:3, @aa:8 B 4 C® - (#xx:3 of @aa:8) -» C — === —17 6

Rev. 1.50 Sep. 18,2007 Page 531 of 584
RENESAS REJ09B0240-0150



Appendix

6. Branching Instructions

Addressing Mode and No. of
Instruction Length (bytes) States*!
pa Condition Code
Mnemonic & e Operation

(7] =l® -

j=4 —~ (3

2 x| = IS — | o

I c|W| ol s [ c

5 Cls|u|ae|s|S Branch E| s

2l xlc|uw(SITI[(3[2|© ranc =2

O|#|z|®|®|®|®|0|8] | Condition || |H|N|Z]|V]|c]| 2| <
Bcc |[BRA:8 (BT d:8) — 2 If condition | Always — === |=|= 4
BRA d:16 (BT d:16) — 4 is true then = |=]=|=]= 6
BRN d:8 (BF d:8) — 2 PC«PC+d [Never === ]=]= 4

else next;

BRN d:16 (BF d:16) — 4 = =]=]=|= 6
BHI d:8 — 2 CvZ=0 — === ]=— 4
BHI d:16 — 4 R N | U [ — 6
BLS d:8 — 2 CvzZ=1 —|=]=]=]=]= 4
BLS d:16 — 4 —=T=1=1=1= 6
BCC d:8 (BHS d:8) — 2 C=0 —_ == === 4
BCC d:16 (BHS d:16) — 4 = [=]=]=|= 6
BCS d:8 (BLO d:8) — 2 C=1 R RN U (R - 4
BCS d:16 (BLO d:16) — 4 = [=]=]=|= 6
BNE d:8 — 2 Z=0 R R U (R — - 4
BNE d:16 — 4 — = =]=|=]= 6
BEQ d:8 — 2 Z=1 — = === |= 4
BEQd:16 — 4 — = |=]=|=]= 6
BVC d:8 — 2 V=0 —|—|=|=]—=|— 4
BVC d:16 — 4 — === |=]= 6
BVS d:8 — 2 V=1 — === ]== 4
BVS d:16 — 4 —==]=|=]= 6
BPL d:8 — 2 N=0 — === ]—— 4
BPL d:16 — 4 —==]=|=]= 6
BMI d:8 — 2 N=1 — == === 4
BMI d:16 — 4 — === |=]= 6
BGE d:8 — 2 NeV =0 —|=]|=]=]=]= 4
BGE d:16 — 4 —|=]=]=[=]= 6
BLT d:8 — 2 NoV =1 = =]=|=]= 4
BLT d:16 — 4 —|=]=]=]=]= 6
BGT d:8 — 2 ZvNeV) =0 |—|—|—|—|—|— 4
BGT d:16 — 4 —|=]=]=[=]= 6
BLE d:8 — 2 ZviNeV)=1 |—|—|—|—|—|— 4
BLE d:16 — 4 — === ]—=— 6
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Addressing Mode and No. of
Instruction Length (bytes) States*!
pa Condition Code
Mnemonic L & Operation
o EC) 3
Iy [
° |z o = | g
T c|W| g ol © c
i FlolHlels] @ £ | s
2lxlclUlZS|1|c8|2|© 513
<A ECIEIEIEIEIEIR I|HIN[zZz]|V|c|Z| <
JMP [JMP @ERn — 2 PC « ERn — === |—|— 4
JMP @aa:24 — 4 PC « aa:24 — = === |- 6
JMP @ @aa:8 — 2 PC « @aa:8 —|—=|—|—|—|—] 8 | 10
BSR [BSRd:8 — 2 PC —» @-SP —|—=|—=|—=|—|—| 6 8
PC « PC+d:8
BSR d:16 — 4 PC - @-SP —|—=|—|—|—|—] 8 | 10
PC « PC+d:16
JSR [JSR @ERn — 2 PC - @-SP —|—=|—=|—|—|—] 6 8
PC « ERn
JSR @aa:24 — 4 PC - @-SP —|—=|—|—|—|—] 8 | 10
PC « aa:24
JSR @ @aa:8 — 2 PC » @-SP — === |—|—] 8 |12
PC « @aa:8
RTS |RTS — 2 |PC « @SP+ —|—=—|—|—|—]| 8 | 10

Rev. 1.50 Sep. 18,2007 Page 533 of 584
RENESAS REJ09B0240-0150



Appendix

7. System Control Instructions

Addressing Mode and No. of
Instruction Length (bytes) States ™’
+
e é Condition Code
Mnemonic % |y Operation
hig c|® ~ 3
c o= O ~ 13
< c|W|y ol © c
5 Xlslu|lals|S E| S
Q| « w2712 |® = >
o < s = = o e}
O|#¥|x|® |00 |00 | IlH|N|z|v|c|Z|<
TRAPA | TRAPA #x:2 — 2 |PC - @-SP T |—|—|—|—|—|14 |16
CCR - @-SP
<vector> — PC
RTE |RTE — CCR « @SP+ N RON BON BON BOR IO 10
PC « @SP+
SLEEP |SLEEP — Transition to power- | — |—|—|—|—|— 2
down state
LDC |[LDC #xx:8, CCR B|2 #xx:8 — CCR 1212121212 2
LDC Rs, CCR B 2 Rs8 — CCR 1212121212 2
LDC @ERs, CCR w 4 @ERs - CCR TITITIT|1T(2 6
LDC @(d:16, ERs), CCR | W 6 @(d:16,ERs) >CCR|T | |T (T[T |2 8
LDC @(d:24, ERs), CCR | W 10 @(d=24,ERs)>CCR|T |2 |22 (2|2 12
LDC @ERs+, CCR w 4 @ERs - CCR 8
ERs32+2 — ERs32 T
LDC @aa:16, CCR w @aa:16 — CCR TITITIT|1T12
LDC @aa:24, CCR w @aa:24 — CCR TITIT(T|1T12 10
STC |STC CCR, Rd B 2 CCR — Rd8 — = ===
STC CCR, @ERd w 4 CCR — @ERd — = ===
STC CCR, @(d:16, ERd) | W CCR - @(d:16,ERd) |— | — | — | —|—|—
STC CCR, @(d:24, ERd) | W 10 CCR - @(d:24,ERd) |— | — |— | —|—|— 12
STC CCR, @-ERd w 4 ERd32-2 - ERd32 |—|—|—|—|—|—
CCR — @ERd
STC CCR, @aa:16 W CCR — @aa:16 —|—|—|—|—— 8
STC CCR, @aa:24 W CCR — @aa:24 —|—|—|—|—— 10
ANDC |ANDC #xx:8, CCR B CCRa#xx8 »>CCR [T [T (2|2 (2 (T 2
ORC |ORC #xx:8, CCR B CCRv#xx8>CCR [T [T [T |2 (2 (T 2
XORC | XORC #xx:8, CCR B CCRe#xx8—>CCR [T [T (LT (T |T 2
NOP [NOP 2 |PC « PC+2 — === ]|—|— 2
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8. Block Transfer Instructions

Addressing Mode and No. of
Instruction Length (bytes) States*!
pa Condition Code
Mnemonic 8 & Operation
(@) =l® .
=t —~ [
e x|z 8 = | g
< c|W| g Q| o c
o A e Y £l s
Slzlclul2SI|c|2|O 513
O|%|z|®|®|0|0|0 |6 | I|{H[N|Z|V|Cc|Z2|<
EEPMOV |[EEPMOV. B — 4 |if R4L # 0 then — | === |—|—] 8+
repeat @R5 —» @R6 4n+*2
R5+1 - R5
R6+1 — R6
R4L-1 — R4L
until R4L=0
else next
EEPMOV. W — 4 |if R4 # 0 then — | === |—|—] 8+
repeat @R5 — @R6 4n+*2
R5+1 - R5
R6+1 — R6
R4-1 - R4
until R4=0
else next

Notes: 1. The number of states in cases where the instruction code and its operands are located
in on-chip memory is shown here. For other cases see appendix A.3, Number of
Execution States.

2. The value n is set in register R4L or R4.
(1) Setto 1 when a carry or borrow occurs at bit 11; otherwise cleared to 0.
) Setto 1 when a carry or borrow occurs at bit 27; otherwise cleared to 0.
(8) Retains its previous value when the result is zero; otherwise cleared to 0.
) Set to 1 when the adjustment produces a carry; otherwise retains its previous value.
)

The number of states required for execution of an instruction that transfers data in
synchronization with the E clock is variable.

(6) Setto 1 when the divisor is negative; otherwise cleared to 0.
(7) Setto 1 when the divisor is zero; otherwise cleared to 0.
(8) Setto 1 when the quotient is negative; otherwise cleared to 0.
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Operation Code Map

A2

TableA.2 Operation Code Map (1)

AOW

anv 3
HOX a
HO o
xans g
Ao v
xaay 6
aav 8
GTd _~|aNvid_~aoxia_~| 5oia
N.<AM_VDS NOWd33 N.<m_vnﬁ N.<m_vn£ non ‘
Fw_%._m aNVE | 7HOX8 |~ HOB| 519 | wiog | ioNg | i3sg
AOW anv | sox HO 9
1sa
(@
usr usg dnr sy oy | VavEL | 3w usa sy | nxaia | nxinw | nxaa | axanw S
I8 198 178 108 ing 1dg sna ond | o3g ang sog | oo8 s18 Hg Nug vug v
€
a'AOW
2
(] (] (] () . X . () () @) ()
zveeL | X8NS dno ZveieL | 'y eleL ans gyepey | FONV | SHOX | 8HO oy aqe) |zyeel [zveiaeL [zveiaer |
(&) (] (@) @)
sy | Xaav AOW v ool | zv oL aav oa1 | oanv | owox | owo | oai OIS |4y oy | dON 0
4 3 a ) g v 6 8 . 9 S v £ 2 ' 0 v
v
“1 STHE JO 11q JuBdIuSIS JSOW UM Uononnsuy
1d | HA | TV | HV
‘0 ST HE JO 11q JuroLuSIs 1SOW UM UONoNISu| 14q pug 9149 15T :0p0d uononNSuy
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TableA.2 Operation Code Map (2)

anvy HOX H0 ans dno aav AOW V.
anvy HOX H0 ans dno aav AOW 6L
g 199 118 3Ing INg 749 SAg OAg o3g ang s09 009 s14 HE NHg vdg 85
dno sva EJ8
03a 03a ans 03a 03a sans at
ans 03a Vi
SLX3 S1X3 D3N BEL nix3 nix3a LON LON Ll
4104 104 gx1o4 °X104d €l
7104 1104 IXLOH X104 4!
HVHS HYHS YIHS HIHS L
IVHS IVHS TIHS TIHS ok
AOW vva 40
ONI ONI saav ONI ONI saav €0
aav ONI V0
e N I 43318 o1s/0a1 Aow 10
E| 3 a 0 a v 6 8 L 9 S 4 € 4 L 0 Im_i Hv
9 | HA | TV | HVY
AqAq pug | ALQIST :9p0d uoNINISU|
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TableA.2 Operation Code Map (3)

‘Pl ssaippe anjosge 8y} sl ee ‘g
‘play uoneubisap JsysiBal ay) si 4 °| :SBION

°108 | LONg | 1388 | ,/eeds
1sig
4109 | 1ONg | 13sg | ,9eeds
1sg z
atig_~[anNvig~Hoxig~Tdoig
islg Leeds
a1g | ~QNve oxgal ~dog c
islg :9%e3L
4109 | LONg | 1389 | .L0iaL
1sig
°109 | LONg | 13sd | .90iaL
1sg
aTig_~[aNvig~HoxIig~Tdoig
islg | L0I0L
a1g | ~GNva| ~Hoxal ~Hog
islg 149040L
ANy | HOX HO 90410
SXAIQ SXAIQ 50410
SXTININ SXINN | S0010
018 01S 01S 018
Aan Aan 5an Aan 90710
ZoR[:]
a1V
E| a g 6 L 9 S v € 2z ! 0 HY
10
"I STHA JO 31q Juediiuss JSouw udym uononnsuy
a4 |HA | 1O | HO | 19 | HA | IV | HY
*0 ST H JO 11q Jued1j1uSIs JSOW Uaym uondnnsuy A4q Pty A4q pig A4q pug ALq 18] 19p0d uononIsuy
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A3 Number of Execution States

The status of execution for each instruction of the H§/300H CPU and the method of calculating
the number of states required for instruction execution are shown below. Table A.4 shows the
number of cycles of each type occurring in each instruction, such as instruction fetch and data
read/write. Table A.3 shows the number of states required for each cycle. The total number of
states required for execution of an instruction can be calculated by the following expression:

Execution states =1 x S+ Jx S, + Kx S, +L xS +Mx S, + Nx §
Examples: When instruction is fetched from on-chip ROM, and an on-chip RAM is accessed.
BSET #0, @FF00

From table A .4:
I=L=2, J=K=M=N=0

From table A.3:
S,=2, S, =2

Number of states required for execution =2 x2 +2 x2 =8

When instruction is fetched from on-chip ROM, branch address is read from on-chip ROM, and
on-chip RAM is used for stack area.

JSR @@ 30

From table A.4:
I=2, J=K=1, L=M=N=0

From table A.3:
S,=S5,=5,=2

Number of states required for execution =2 x2 + 1 x2+ 1 x2 =8
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TableA.3 Number of Cyclesin Each Instruction

Execution Status Access Location

(Instruction Cycle) On-Chip Memory On-Chip Peripheral Module
Instruction fetch S 2 —

Branch address read S,

Stack operation S,

Byte data access S, 2 0r3*

Word data access S, 2 or 3*

Internal operation S, 1

Note: * Depends on which on-chip peripheral module is accessed. For details, see section
22.1, Register Addresses (Address Order).
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TableA.4 Number of Cyclesin Each Instruction

Instruction Mnemonic

Instruction Branch Stack
Addr. Read Operation

Fetch
|

J K

Byte Data
Access

L

Word Data Internal
Access Operation

M

N

ADD

ADD.B #xx:8, Rd
ADD.B Rs, Rd
ADD.W #xx:16, Rd
ADD.W Rs, Rd
ADD.L #xx:32, ERd
ADD.L ERs, ERd

1
1

ADDS

ADDS #1/2/4, ERd

ADDX

ADDX #xx:8, Rd
ADDX Rs, Rd

AND

AND.B #xx:8, Rd
AND.B Rs, Rd
AND.W #xx:16, Rd
AND.W Rs, Rd
AND.L #xx:32, ERd
AND.L ERs, ERd

N W

ANDC

ANDC #xx:8, CCR

-

BAND

BAND #xx:3, Rd
BAND #xx:3, @ERd
BAND #xx:3, @aa:8

e

Bcc

BRA d:8 (BT d:8)
BRN d:8 (BF d:8)
BHI d:8

BLS d:8

BCC d:8 (BHS d:8)
BCS d:8 (BLO d:8)
BNE d:8

BEQd:8

BVC d:8

BVS d:8

BPL d:8

BMI d:8

BGE d:8

NN D D DN NN MDD NN DNDNDDND

RENESAS
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Instruction Branch Stack Internal
Fetch Addr. Read Operation Operation
Instruction Mnemonic | J K N
Bcce BLT d:8 2
BGT d:8 2
BLE d:8 2
BRA d:16(BT d:16) 2 2
BRN d:16(BF d:16) 2 2
BHI d:16 2 2
BLS d:16 2 2
BCC d:16(BHS d:16) 2 2
BCS d:16(BLO d:16) 2 2
BNE d:16 2 2
BEQ d:16 2 2
BVC d:16 2 2
BVS d:16 2 2
BPL d:16 2 2
BMI d:16 2 2
BGE d:16 2 2
BLT d:16 2 2
BGT d:16 2 2
BLE d:16 2 2
BCLR BCLR #xx:3, Rd 1
BCLR #xx:3, @ERd 2
BCLR #xx:3, @aa:8 2
BCLR Rn, Rd 1
BCLR Rn, @ERd 2
BCLR Rn, @aa:8 2
BIAND BIAND #xx:3, Rd 1
BIAND #xx:3, @ERd 2
BIAND #xx:3, @aa:8 2
BILD BILD #xx:3, Rd 1
BILD #xx:3, @ERd 2
BILD #xx:3, @aa:8 2
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Instruction Branch Stack Byte Data Word Data Internal
Fetch Addr. Read Operation Access Access Operation
Instruction Mnemonic | J K L M N
BIOR BIOR #xx:8, Rd 1
BIOR #xx:8, @ERd 2 1
BIOR #xx:8, @aa:8 2 1

BIST BIST #xx:3, Rd 1
BIST #xx:3, @ERd
BIST #xx:3, @aa:8

NN
N

BIXOR BIXOR #xx:3, Rd 1
BIXOR #xx:3, @ERd
BIXOR #xx:3, @aa:8

NN

BLD BLD #xx:3, Rd 1
BLD #xx:3, @ERd
BLD #xx:3, @aa:8

NN
—_

BNOT BNOT #xx:3, Rd 1

BNOT #xx:3, @ERd 2 2

BNOT #xx:3, @aa:8 2 2

BNOT Rn, Rd 1

BNOT Rn, @ERd 2 2

BNOT Rn, @aa:8 2 2
BOR BOR #xx:3, Rd 1

BOR #xx:3, @ERd 2 1

BOR #xx:3, @aa:8 2 1
BSET BSET #xx:3, Rd 1

BSET #xx:3, @ERd 2 2

BSET #xx:3, @aa:8 2 2

BSET Rn, Rd 1

BSET Rn, @ERd 2 2

BSET Rn, @aa:8 2 2
BSR BSR d:8 2 1

BSR d:16 2 1 2
BST BST #xx:3, Rd 1

BST #xx:3, @ERd 2 2

BST #xx:3, @aa:8 2 2
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Instruction Branch Stack Byte Data  Word Data Internal
Fetch Addr. Read Operation Access Access Operation
Instruction Mnemonic | J K L M N
BTST BTST #xx:3, Rd 1
BTST #xx:3, @ERd 2 1
BTST #xx:3, @aa:8 2 1
BTST Rn, Rd 1
BTST Rn, @ERd 2 1
BTST Rn, @aa:8 2 1
BXOR BXOR #xx:3, Rd 1
BXOR #xx:3, @ERd 2 1
BXOR #xx:3, @aa:8 2 1
CMP CMP.B #xx:8, Rd 1
CMP.B Rs, Rd 1
CMP.W #xx:16, Rd 2
CMP.W Rs, Rd 1
CMP.L #xx:32, ERd 3
CMP.L ERs, ERd 1
DAA DAA Rd 1
DAS DAS Rd 1
DEC DEC.B Rd 1
DEC.W #1/2, Rd 1
DEC.L #1/2, ERd 1
DUVXS DIVXS.B Rs, Rd 2 12
DIVXS.W Rs, ERd 2 20
DIVXU DIVXU.B Rs, Rd 1 12
DIVXU.W Rs, ERd 1 20
EEPMOV  EEPMOV.B 2 2n+2%'
EEPMOV.W 2 2n+2%#'
EXTS EXTS.W Rd 1
EXTS.L ERd 1
EXTU EXTU.W Rd 1
EXTU.L ERd 1
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Instruction

Mnemonic

Instruction Branch Stack Byte Data Word Data Internal
Fetch Addr. Read Operation Access Access Operation
| J K L M N

INC

INC.B Rd
INC.W #1/2, Rd
INC.L #1/2, ERd

1
1

JMP

JMP @ERn
JMP @aa:24
JMP @ @aa:8

JSR

JSR @ERn
JSR @aa:24
JSR @ @aa:8

LDC

LDC #xx:8, CCR

LDC Rs, CCR
LDC@ERs, CCR
LDC@(d:16, ERs), CCR
LDC@(d:24,ERs), CCR
LDC@ERs+, CCR
LDC@aa:16, CCR
LDC@aa:24, CCR

MoV

MOV.B #xx:8, Rd

MOV.B Rs, Rd

MOV.B @ERs, Rd
MOV.B @(d:16, ERs), Rd
MOV.B @(d:24, ERs), Rd
MOV.B @ERs+, Rd
MOV.B @aa:8, Rd
MOV.B @aa:16, Rd
MOV.B @aa:24, Rd
MOV.B Rs, @Erd
MOV.B Rs, @(d:16, ERd)
MOV.B Rs, @(d:24, ERd)
MOV.B Rs, @-ERd
MOV.B Rs, @aa:8
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Instruction Mnemonic

Instruction Branch Stack
Addr. Read Operation

Fetch
|

J K

Byte Data
Access

L

Word Data Internal
Access Operation
M N

MOV

MOV.B Rs, @aa:16
MOV.B Rs, @aa:24
MOV.W #xx:16, Rd
MOV.W Rs, Rd

MOV.W @ERs, Rd
MOV.W @(d:16,ERs), Rd
MOV.W @(d:24,ERs), Rd
MOV.W @ERs+, Rd
MOV.W @aa:16, Rd
MOV.W @aa:24, Rd
MOV.W Rs, @ERd
MOV.W Rs, @(d:16,ERd)
MOV.W Rs, @(d:24,ERd)

2
3
2

- A

- W N = b~ N

BN \V]

1
1

MOV

MOV.W Rs, @-ERd
MOV.W Rs, @aa:16
MOV.W Rs, @aa:24
MOV.L #xx:32, ERd
MOV.L ERs, ERd

MOV.L @ERs, ERd
MOV.L @(d:16,ERs), ERd
MOV.L @(d:24,ERs), ERd
MOV.L @ERs+, ERd
MOV.L @aa:16, ERd
MOV.L @aa:24, ERd
MOV.L ERs,@ERd
MOV.L ERs, @(d:16,ERd)
MOV.L ERs, @(d:24,ERd)
MOV.L ERs, @-ERd
MOV.L ERs, @aa:16
MOV.L ERs, @aa:24

w W N =

-

[ACJN \C R \C TR \C N \C R \C R \C R \C I \ B\ I )

MOVFPE

MOVFPE @aa:16, Rd**

MOVTPE

MOVTPE Rs,@aa: 16+

NN O D O Ww N D WON G Ww N
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Instruction

Mnemonic

Instruction Branch

Fetch
|

Stack

Byte Data Word Data Internal

Addr. Read Operation Access Access Operation

J K

L M N

MULXS

MULXS.B Rs, Rd
MULXS.W Rs, ERd

2
2

12

20

MULXU

MULXU.B Rs, Rd
MULXU.W Rs, ERd

12
20

NEG

NEG.B Rd
NEG.W Rd
NEG.L ERd

NOP

NOP

NOT

NOT.B Rd
NOT.W Rd
NOT.L ERd

OR

OR.B #xx:8, Rd
OR.B Rs, Rd
OR.W #xx:16, Rd
OR.W Rs, Rd
OR.L #xx:32, ERd
OR.L ERs, ERd

ORC

ORC #xx:8, CCR

POP

POP.W Rn
POP.L ERn

PUSH

PUSH.W Rn
PUSH.L ERn

ROTL

ROTL.B Rd
ROTL.W Rd
ROTL.L ERd

ROTR

ROTR.B Rd
ROTR.W Rd
ROTR.L ERd

ROTXL

ROTXL.B Rd
ROTXL.W Rd
ROTXL.L ERd

RENESAS
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Instruction

Mnemonic

Instruction Branch Stack Byte Data
Fetch Addr. Read Operation Access
| J K L

Word Data Internal
Access Operation
M N

ROTXR

ROTXR.B Rd
ROTXR.W Rd
ROTXR.L ERd

1
1

RTE

RTE

RTS

RTS

SHAL

SHAL.B Rd
SHAL.W Rd
SHAL.L ERd

SHAR

SHAR.B Rd
SHAR.W Rd
SHAR.L ERd

SHLL

SHLL.B Rd
SHLL.W Rd
SHLL.L ERd

SHLR

SHLR.B Rd
SHLR.W Rd
SHLR.L ERd

SLEEP

SLEEP

STC

STC CCR, Rd

STC CCR, @ERd

STC CCR, @(d:16,ERd)
STC CCR, @(d:24,ERd)
STC CCR,@-ERd

STC CCR, @aa:16
STC CCR, @aa:24

SuUB

SUB.B Rs, Rd
SUB.W #xx:16, Rd
SUB.W Rs, Rd
SUB.L #xx:32, ERd
SUB.L ERs, ERd

SUBS

SUBS #1/2/4, ERd
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Instruction Branch Stack Byte Data Word Data Internal
Fetch Addr. Read Operation Access Access Operation
Instruction Mnemonic | J K L M N
SUBX SUBX #xx:8, Rd 1
SUBX. Rs, Rd 1
TRAPA TRAPA #xx:2 2 1 2 4
XOR XOR.B #xx:8, Rd 1
XOR.B Rs, Rd 1
XOR.W #xx:16, Rd 2
XOR.W Rs, Rd 1
XOR.L #xx:32, ERd 3
XOR.L ERs, ERd 2
XORC XORC #xx:8, CCR 1

Notes: 1. n: Specified value in R4L and R4. The source and destination operands are accessed
n+1 times respectively.

2. Cannot be used in this LSI.
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A4 Combinations of I nstructions and Addressing M odes

TableA.5 Combinationsof Instructionsand Addressing M odes

Addressing Mode

j=
Functions Instructions E E\ % - %)
w u = Q o ®
s8] |2 3|5 |58
3 - W S| | W @ I < T |2 |©®
#* 14 ® ® ® ® ® ® ® ® ® ® |
Data MOV BWL | BWL |BWL |BWL |[BWL [BWL| B |BWL |BWL| — — — —
Fransfer_ POP, PUSH — | T 1T T __T1T_= — — 1w
instructions
MOVFPE, o=l =]l==l=]l=1l=1=1=1=
MOVTPE
Arithmetic ADD, CMP BWL |BWL | — —_ — — — — — — — — —
operations SUB WL |BwL | — — — — — — — — — — —
ADDX, SUBX B B —_ — — — — — — — — — —
ADDS, SUBS —_ L —_ — — — — — — — — — —
INC, DEC — |BWL| — — — — — — — — — — —
DAA, DAS — B — — — — — — — — — — —
MULXU, — | BW | — — — — — — — — — — _
MULXS,
DIVXU,
DIVXS
NEG — |BWL| — — — — —_ —_ — — — — —
EXTU, EXTS — | WL | — — — — — — — — — — —
Logical AND, OR, XOR — |BWL| — — — — — — — — — — —
operations NOT —_ JewL| — — — — — — — — — — —
Shift operations — |BWL| — — — — — — — — — _ _
Bit manipulations — B B — — — B - — — — — _
Branching BCC, BSR — — — — — — — — — — _
instructions JMP, JSR — — O — — — — — — O O — —
RTS — == ==]=]=]1=10|=|=10| =
System TRAPA — — — — — — — — — — — — O
f:srtllt'[:::ltions RTE - === =]=]=f=]=]=]=-10
SLEEP - - =-]=-=|=]=|=-1=-|=-1-1-10
LDC BB |lw|lw|lw|w|—|w|w|l—|—|—=]0O
STC — B w w w w — w w — — —
ANDC, ORC, B | — | | | | o= =l=|=1=1=1=
XORC
NOP e e e e e e e e
Block data transfer instructions — - - === === == | = | =1]—=|BW
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B. I/O Port Block Diagrams

B.1 I/0 Port Block Diagrams

RES goes low in a reset, and SBY goes low at a reset and in standby mode.

Internal data bus RES SB

D L
—{ Pur | a) [ »—d
S ey B

L{i Pull-up MOS

IRQ =

(.3? ZXTA

TRGV -——n——

[Legend]

PUCR: Port pull-up control register
PMR: Port mode register

PDR: Port data register

PCR: Port control register

FigureB.1 Port 1 Block Diagram (P17)
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Internal data bus RES SB

ﬁ@ b L_\ |_4 Pull-up MOS
o/ [ »—d

IRQ —=
[Legend]
PUCR: Port pull-up control register
PMR: Port mode register
PDR: Port data register
PCR:  Port control register
FigureB.2 Port 1 Block Diagram (P16, P14)
Internal data bus BES SBY
—» i ) | |_4 Pull-up MOS
—>| PDR I —HO
< \l
T E—
TMIB1

[Legend]

PUCR: Port pull-up control register
PMR: Port mode register

PDR: Port data register

PCR: Port control register

FigureB.3 Port 1 Block Diagram (P15)
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Internal data bus e

|
PUCR
puca— D |_4 Pull-up MOS

PDR 4O

PCR

- ~N

[Legend]

PUCR: Port pull-up control register
PDR: Port data register

PCR:  Port control register

FigureB.4 Port 1 Block Diagram (P12)

Internal data bus RES SBY

DD
PR O

\—4 Pull-up MOS

T
[
o
us)

PCR

/

14-bit PWM

[Legend]

PUCR: Port pull-up control register
PMR: Port mode register

PDR: Port data register

PCR: Port control register

FigureB.5 Port 1 Block Diagram (P11)
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Internal data bus BES SBY

PUCR| |

\—4 Pull-up MOS
—{ewA] —Do—qq
PCR
< <l
[Legend]
PUCR: Port pull-up control register
PMR: Port mode register

PDR: Port data register
PCR: Port control register

...........

FigureB.6 Port 1 Block Diagram (P10)

Internal data bus

¢

A

~

[Legend]

PUCR: Port pull-up control register
PDR: Port data register
PCR:  Port control register

FigureB.7 Port 2 Block Diagram (P27, P26, P25, P24, P23)
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Internal data bus SBY

LSCI8 L
, TxD
[Legend]
PMR: Port mode register
PDR: Port data register
PCR: Port control register
FigureB.8 Port 2 Block Diagram (P22)
Internal data bus SBY

>
—[ror | — >
SN ey

ZXTA

RxD* \_.l

[Legend]
PDR: Port data register
PCR: Port control register

FigureB.9 Port 2 Block Diagram (P21)
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SBY

sci3
' SCKE!
| SCKOE | ) _DO_CI
; ! Internal data bus
: —>| PDR I % ; D I
=
s N
! SCKO!
| sCKi! e

__________ H [Legend]
PDR: Port data register
PCR:  Port control register

FigureB.10 Port 2 Block Diagram (P20)

Internal data bus

——»[Por] _D_"i
— [

3F

- <

[Legend]
PDR: Port data register
PCR:  Port control register

FigureB.11 Port 3 Block Diagram (P37, P36, P35, P34, P33, P32, P31, P30)
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Internal data bus

—[pvr}—— |
e ] :DI—D—I

—{For |

1IC2 < E

=
E

5 ICE
: SDAO/SCLO [
| SDAI/SCLI ;4—@_'
[Legend]
PMR:  Port mode register
PDR: Port data register
PCR:  Port control register
FigureB.12 Port5 Block Diagram (P57, P56)
Internal data bus RES SBY

Y
—>| PUCRI b L_\ |—a| Pull-up MOS
—»@ o/

——| PCR b

A

szA-D

) Gl —

[Legend]

PUCR: Port pull-up control register
PMR:  Port mode register

PDR: Port data register

PCR:  Port control register

FigureB.13 Port 5 Block Diagram (P55, P54, P53, P52, P51, P50)
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Internal data bus

- [eor] —{ >
—[ron ]+

ZXTA

[Legend]
PDR: Port data register
PCR: Port control register

FigureB.14 Port 7 Block Diagram (P77)

Internal data bus
Timer V SBY

Lot

............ ' [Legend]
PDR: Port data register
PCR: Port control register

FigureB.15 Port 7 Block Diagram (P76)
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Timer V

.........

Internal data bus

o)
s}
<

S ey —J >

(TZXTA‘E’

R [Legend]
PDR: Port data register
PCR: Port control register

FigureB.16 Port 7 Block Diagram (P75)

.............

Timer V

Internal data bus =5
SBY
N\

(T ZXTA

[Legend]
PDR: Port data register
PCR: Port control register

FigureB.17 Port 7 Block Diagram (P74)
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Internal data bus SBY

— P — O 4

PCR
<t <
_Scils2
i XD
[Legend]
PMR: Port mode register
PDR: Port data register
PCR: Port control register
FigureB.18 Port 7 Block Diagram (P72)
Internal data bus SBY
—>| PDR I _<E>_|
PCR
sci2 ~
| RE
' RxD | =

[Legend]
PDR: Port data register
PCR: Port control register

FigureB.19 Port 7 Block Diagram (P71)
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SCKIE !
SCKOE ! —{ >

-

Internal data bus

R O
_,

- \l
SCKO !
SCKI : TP
......... . [Legend]
PDR: Port data register
PCR:  Port control register
FigureB.20 Port 7 Block Diagram (P70)
Internal data bus SBY
PDR _¢I:>_|
PCR 4
f‘}
< <J
[Legend]

PDR: Port data register
PCR:  Port control register

FigureB.21 Port 8 Block Diagram (P87, P86, P385)
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Internal data bus SBY

PDR _a|:>_|

TASTA

[Legend]
PDR: Port data register
PCR: Port control register

FigureB.22 Port C Block Diagram (PC3, PC2, PC1, PCO0)

Internal data bus SBY

Timer RD_0

1Output control | J

isignals Ato D ) D _DD—CI

! —>| PDR I j )—||Jl
I R

R

: ! ~
E FTIOA to H

A

[Legend]
PDR: Port data register
PCR:  Port control register

FigureB.23 Port D Block Diagram (PD7, PD6, PD5, PD4, PD3, PD2, PD1, PDO)
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Internal data bus SBY

Timer RD_1

1Output control J
isignals A to D E_ ) D _Do—cl

E FTIOA to i

[Legend]
PDR:  Port data register
PCR:  Port control register

FigureB.24 Port E Block Diagram (PE7, PE6, PE5, PE4, PE3, PE2, PE1, PEO)

Internal data bus

A/D converter

DEC CH3toCHO |
SCAN :
IS f > Vi

FigureB.25 Port F Block Diagram (PF7, PF6, PF5, PF4, PF3, PF2, PF1, PFO)
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Internal data bus

—{ PR |

?

——~[For] —d

ﬁ,

A/D converter - ~ ~
SCAN i —
:CH3 to CHO =| DEC |
VIN ;=
Timer RC, Timer RD
TRCOI, TRDOI <—o(f(_G—_°<]—

[Legend]

PDR: Port data register
PCR:  Port control register
PMR: Port mode register

FigureB.26 Port G Block Diagram (PG7, PG6, PG5)

Internal data bus

— DD

PDR —q O

PCR [—

ol:

A

A/D converter

~N ~N
SCAN —
CH3 to CHO | DEC|
VINi

[Legend]
PDR: Port data register
PCR: Port control register

FigureB.27 Port G Block Diagram (PG4, PG3, PG2, PG1, PGO0)
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Internal data bus

Timer RC

Output contorl :__| 4

signal A to D ) _D)—cl

——[For] O
o]

.

- \l
FTIOA to
FTIOD
TRGC
A
i)
[Legend]

PDR: Port data register
PCR:  Port control register

FigureB.28 Port H Block Diagram (PH7, PH6, PH5, PH4)

Internal data bus

D——D—dq
D

i

DR

PCR

Timer RC

Ne

FTCI

[Legend]
PDR: Port data register
PCR:  Port control register

FigureB.29 Port H Block Diagram (PH3)
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Internal data bus

= [sors tDL'}—D—cI

—>| PDR I O
[l

SCI3_3 N

TxD

[Legend]

SMCRS: Serial module control register 3
PDR: Port data register

PCR: Port control register

FigureB.30 Port H Block Diagram (PH2)

Internal data bus SBY

—>| PDRI —4
PCR
k) ) N
i RE
RxD i< ( |

[Legend]
PDR: Port data register
PCR:  Port control register

FigureB.31 Port H Block Diagram (PH1)
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SCKIE ] a:)_
SCKOE Internal data bus _Dp_q

—>| PMRG [

—+[Fon O

—| PCR

_ﬂ

<l &

~

SCKO

[Legend]

PMRG: Port mode register G
PDR: Port data register
PCR:  Port control register

FigureB.32 Port H Block Diagram (PHO)

Internal data bus

...... CPG . I‘T
PDR i
¢ —
PCR
¢ \l

PMRJ1 I __Pi.jFD,

PMRJO _D_|

XTALI i< &l

[Legend]
PDR: Port data register
PCR:  Port control register

FigureB.33 Port J Block Diagram (PJ1)
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Internal data bus SBY
PDR
PCR
CcPG - ~
PMRJO AD_‘
EXTALI i« V3
___________________ - !
[Legend]
PDR: Port data register
PCR: Port control register

FigureB.34 Port J Block Diagram (PJO)
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B.2 Port Statesin Each Operating M ode

Port Reset Sleep Subsleep Standby Subactive  Active

P17 to P14, High Retained Retained High Functioning Functioning

P12to P10  impedance impedance*

P27 to P20  High Retained Retained High Functioning Functioning
impedance impedance

P37 to P30  High Retained Retained High Functioning Functioning
impedance impedance

P57 to P50  High Retained Retained High Functioning Functioning
impedance impedance*

P77 to P74, High Retained Retained High Functioning Functioning

P72 to P70  impedance impedance

P87 to P85  High Retained Retained High Functioning Functioning
impedance impedance

PC3 to PCO High Retained Retained High Functioning Functioning
impedance impedance

PD7 to PDO High Retained Retained High Functioning Functioning
impedance impedance

PE7 to PEO  High Retained Retained High Functioning Functioning
impedance impedance

PF7 to PFO  High High High High High High
impedance impedance impedance impedance impedance impedance

PG7 to PGO High Retained Retained High Functioning Functioning
impedance impedance

PH7 to PHO High Retained Retained High Functioning Functioning
impedance impedance

Note: * High level output when the pull-up MOS is in on state.
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C. Product Code Lineup

Package
Product Classification Product Code Model Marking (Code)
H8/36109 Flash memory Standard HD64F36109F  HD64F36109F QFP-100 (FP-100A)
version product HD64F36109H  HD64F36109H LQFP-100 (FP-100U)
Product with ~ HDG4F36109GF  HD64F36109GF QFP-100 (FP-100A)
POR&LVDC 1064F36109GH  HD64F36109GH LQFP-100 (FP-100U)
D. Package Dimensions

The package dimensions that are shown in the Renesas Semiconductor Packages Data Book have

priority.
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Main Revisions and Additions in this Edition

Item Page Revisions (See Manual for Details)

Section 5 Clock Pulse Generators 76

5.2.4 Clock Control/Status
Register (CKCSR)

Amended

Bit Bit Name :Description

7  PMRJ1 EOSC Pin Function Select 1 and 0

6 PMRIO  [PMRJT PMRJO OSC2  OSCt
0 0 e o)
51 0 CLKOUT 1/0
‘0 1 Hi-z  OsCi

(external clock input)
51 1 0sc2  OSCt
Section 14 Timer RD 346  Amended

Figure 14.54 Block Diagram of
Digital Filter

TPSC2 to
TPSCO

FTIOAO (TCLK)
$40M

/32

/8

/4

o2

o

¥/\

Section 17 Serial Communication 404
Interface 3 (SCI3)

17.8.2 Mark State and Break
Sending

Amended

When the TXD or TXD2 bit in PMR1 or the TXD_3 bit in
SMCR is 1, the TXD pin is used as an /O port whose
direction (input or output) and level are determined by
PCR and PDR. This can be used to set the TXD pin to
mark state (high level) or send a break during serial
data transmission. To maintain the communication line
at mark state until TE is set to 1, set both PCR and PDR
to 1 and also set the TXD bit to 1. Then, the TXD pin
becomes an I/O port, and 1 is output from the TXD pin.
To send a break during serial transmission, first set
PCR to 1 and clear PDR to 0, and then set the TXD bit
to 1. At this time, regardless of the current transmission
state, the TXD pin becomes an 1/O port, and 0 is output
from the TXD pin.
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Page Revisions (See Manual for Details)

Section 18 I°C Bus Interface 2
(I1C2)

Figure 18.15 Receive Mode
Operation Timing

434  Amended

SCL

Section 19 A/D Converter
19.6.3 Notes on Analog Pins

457  Added

Section 23 Electrical
Characteristics

497 to Amended

520 The wide temperature range of T, =—40 to +85°C is
added to the conditions.
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Item Page Revisions (See Manual for Details)

Table 23.2 DC Characteristics (1) 503, Added

505, | Values
506 Item | Test Condition Min. Typ. Max. Unit Notes
Output high E 3.0V<V,<40V V,-22 — — Vv
voltage 1 =loy = 0.1 mA
‘Activemode !Actvemode1  — | 380 400 mA
supply current ! Vee=5.0V,
Hose = 20 MHz
EActive mode 1 — 15.0 — *
V=30V, Reference
1 fose = 10 MHz value
'Activemode2  — 60 75 mA *
Ve =5.0V,
! fose = 20 MHz
iActive mode 2 — 4.5 — *
'Vee=38.0V, Reference
! fosc = 10 MHz value
Sleep mode ! Sleep mode 1 — 22.0 30.0 mA *
supply current !V, =5.0 V,
' fose = 20 MHz
' Sleep mode 1 — 120 — *
V=30V, Reference
' fose = 10 MHZ value
! Sleep mode 2 — 50 65 mA =
'Vee=5.0V,
' fosc = 20 MHZ
1 Sleep mode 2 — 4.5 — *
1Vee=38.0V, Reference
1 fose = 10 MHz value
Subactive \Vee=3.0V — 130 150 pA =
mode supply | 32-kHz crystal Optional
current ' resonator used 50 70 "
1 (Dsus = Gu/2)
1Vee=3.0V — 100 — Reference
1 32-kHz crystal value
| resonator not used Optional
! (beue = 6/8) ¢
! — 40 — R
Subsleep | Subsleep mode 1 — 110 140 pA  *
mode supply |V.,=3.0V Optional
current 1 32-kHz crystal 20 50 "
| resonator used -
1 (Gsus = Gu/2)
| Subsleep mode2 — 110 135 *
V=30V Optional

1 32-kHz crystal

! resonator not used o GO *
Standby 1 32-kHz crystal — — 135 pA &
mode supply | resonator not used Optional
current !
— — 5.0 &
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Item Page Revisions (See Manual for Details)

Table 23.2 DC Characteristics (2) 507 Amended

current (total)

! ! Values

Item EAppIicabIe Pins EMm Typ. Max Unit
Allowable output low E Port G E— — 0.4 mA
current (per pin) | b

Allowable output low | Port G — = 3.2 mA
current (total) E E

Allowable output high i Port G — = 0.2 mA
current (per pin) . 1

_________________ L Mool _____.
Allowable output high ! Port G = — 1.6 mA
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Table 23.3 AC Characteristics 510, Amended
511 | Values

|
Iltem 1 Test Condition Min. Typ. Max.  Unit

On-chip oscillator E-Vcc =4.0t0 5.5V 39.40 40.00 40.60 MHz
cacleion 12 s
'FSEL =1
IVCLSEL = 0
iTa=25°C 3920 40.00 40.80 MHz
VFSEL =1
'VCLSEL =0
'V_=401055V 3880 40.00 4120 MHz
1Ta = -20°C to +75°C
FSEL =1
'VCLSEL =0
V_=401055V 3840 40.00 4160 MHz
ITa = -40°C to +85°C
FSEL =1
|VCLSEL =0
Ta=20°Clo+75°C 3840 4000 4160 Mrz
TFSEL = 1
IVCLSEL =0
ITa=-40°C10+85°C 3800 4000 4200 MHz
'FSEL =1
'VCLSEL = 0
'V_=4.01t055V 3152 3200 3248 MHz
ETa =25°C
\FSEL =0
'VCLSEL = 0
"Ta = 25°C 3136 3200 3264 MHz
IFSEL=0
|VCLSEL =0
N 20055V 3104 3200 3296 MHz
ITa = -20°C 10 475°C
IFSEL=0
EVCLSEL =0
'V, =4.01t055V 3072 3200 3328 MHz
ITa = -40°C to +85°C
'FSEL=0
EVCLSEL =0
iTa=-20°Cto+75°C 30.72 32.00 3328 MHz
'FSEL=0
IVCLSEL = 0
Ta=-40°C10+85°C 3040 3200 33.60 MHz
\FSEL =0
'VCLSEL =0
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Table 23.9 Power-Supply-Voltage 517  Amended
Detection Circuit Characteristics

Values
Item Symbol Test Condition Min. Typ. Max. Unit
Power-supply Vint (D) LVDSEL=0 3.5 3.7 — \
falling detection
voltage
Power-supply rising Vint (U) LVDSEL =0 — 4.1 4.3 \
detection voltage
Reset detection Vreset! LVDSEL=0 — 23 2.6 \

voltage 1*'

Reset detection Vreset2 LVDSEL =1 3.3 3.6 3.9 \

voltage 2+*

Lower-limit voltage ~ V,on,, 1.0 — — \

of LVDR operation

Notes: 1. This voltage should be used when the falling and rising voltage detection
function is used.

2. Select the low-voltage reset 2 when only the low-voltage detection reset
is used.
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I°C Bus format...........cccooovveveerrrennnn, 423 (0)
I°C bus interface 2 (IIC2) .....o.cvveereeen. 407 On-board programming modes............... 111
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Internal power supply step-down Package ......ccoovevveiiiieeee e 2
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Interrupt mask bit (D.ee..evvviniiinniinne. 15 Parity €ITOT .....cvoveveveveecececececseeeeeeeneenennns 387
Interrupt response tme .........cooovevvveennnae 62 Pin arrangement ............coooeveveveverereererenennnnns 4
Interval timer operation ............c..cccc...... 201 Power-down modes.........oovvveeeeeeeeeeeeeenn, 89
IRQ3 to TRQO iNLEITUPLS ... 56 Power-down States ..........ccovvevevrvevevennnnnn. 121
Power-on reset ........occovveveeieecenieeeee. 459
Power-on reset CIrcuit ........ccoceeeeveeeeenenne. 465
L Prescaler S ..o 87
Large current ports...........ccoeevviiiiiininnns 2 Prescaler Wia...oooovoiiveeiicicceeceeeene 87
Logic operations instructions.................... 24 Product code lineup ........ccoceeerereecennne. 570
Low-voltage detection circuit................. 459 Program counter (PC) ......cccooeviiinenenenne 15
LVDI (interrupt by low voltage detect) Program/program-verify ......................... 115
CITCUIE .t 467 Program-counter relative ...........c.coccceeennee. 33
LVDR (reset by low voltage detect) Programmer mode..........ccccevverrvereennenen. 121
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M PWMmode......ccoovvvveeviieeieeecnnn. 243,316
Mark State ...........cooovvevevereeeeeereereeennnns 404 PWM2 mode.......ccooeuiiniiiiiiiiiinines 247
Memory indir€Ct ........cecveeveereveriereeirennne 33
Memory map .....cccceeeveeeenveeneeenieenieeneens 12
Module standby function........................ 103 R
Multiprocessor communication Realtime clock (RTC).....cceevvevvveveennnenen. 187
FUNCHON. ... 397 Register addresses........coccovecerenreerenenne 472
Register bits .....cceeevvecievienicieeieeeeieeeene 481
Register direct.......ccoovvvvveeiiiieiiericiieiens 31
N Register field.........ccoovvevieriieciiiiecieees 30
NMI IOEITUPL 56 S 31
Noise canceler ..........ccoeveverererrernnnnnnnn, 435 Register indirect with displacement.......... 32
Noise canceller .........covviirererirerennnnn. 371 Register indirect with post-increment....... 32
Number of execution states .................... 539 Register indirect with pre-decrement........ 32
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Register states in each operating mode... 489 LVDSR ..ooovvivin. 464, 477, 485, 493

Registers MSTCRI ...ouvveeveeene. 94, 480, 488, 496
ABRKCR........c.ccue.e. 66,479, 487, 494 MSTCR2.......ccoevvenne. 95, 480, 488, 496
ABRKSR ........ccvve. 68,479,487, 494 MSTCRA........ccvve. 96, 474, 483, 490
ADCR....ccvveerrerrnn 449, 473, 483, 490 PCRI.ccooiieiiiiies 127, 480, 487, 495
ADCSR....ccovvverren 447,473, 483, 490 PCR2....covieiicieens 131, 480, 487, 495
ADDR.....c.covre 446, 473, 483, 490 PCR3...ooovieiieiees 135, 480, 487, 495
BARE ......ccovvevn 68,479, 487, 494 PCRS...oooieiieiees 140, 480, 488, 495
BARH.......covvevien 68,479, 487, 494 PCR7..ooovveeiiiieein, 144, 480, 488, 495
BARL ....coooovveie 68,479,487, 494 PCRS....covveeveeerieeen, 147, 480, 488, 495
BDRH.......ccvevveene. 68,479,487, 494 PCRC....coeeeeveeeenn, 149, 480, 488, 495
BDRL .....cocoovveevienee. 68,479,487, 494 PCRD....ccooevvveeeenn, 152, 474, 483, 490
BRR ...cooovvvveeee 379, 479, 486, 494 PCRE ....cccoevvveeieenenn, 161, 474, 483, 490
CKCSR....oooovveevieen, 76,477, 485, 493 PCRG....coooevveceeenn, 174, 474, 483, 490
EBRI oooovveieen 109, 478, 486, 494 PCRH.....c..covveeveeenn. 179, 474, 483, 490
FENR.....ooovvvreren 110, 478, 486, 494 PCRI....covvieiiiiie, 184, 474, 483, 490
FLMCRI......c..ceeuen... 107, 478, 486, 494 PDRI..cooiiiiiiiee, 127, 479, 487, 495
FLMCR2.........cceuven.... 108, 478, 486, 494 PDR2....ccveeeieiee, 132, 479, 487, 495
FLPWCR........co........ 110, 478, 486, 494 PDR3....coviiiiiiee, 136, 479, 487, 495
GRA.....235, 286, 472, 473, 481, 482, 489 PDRS...cooveieeieiee, 140, 479, 487, 495
GRB.....235, 286, 472, 473, 481, 482, 489 PDR7..oooviieiiiieen, 145, 479, 487, 495
GRC.....235, 286, 472, 473, 481, 482, 489 PDRS....ccvveeeiiiees 148, 479, 487, 495
GRD.....235, 286, 472, 473, 481, 482, 489 PDRC....ccoovvviiens 150, 479, 487, 495
ICCRI..ccooveiriien. 410, 478, 486, 493 PDRD....cccoovvirienn, 152, 473, 483, 490
ICCR2...cvveveeren 413, 478, 486, 493 PDRE.....ccccooviiriinnn, 161, 473, 483, 490
ICDRR.......ccveer 422,478, 486, 493 PDRF ...ccovveiiiiiies 170, 473, 483, 490
ICDRS ..o, 422 PDRG....cccovvvieriens 174, 474, 483, 490
ICDRT ...ccooeevvveene 422,478, 486, 493 PDRH.........couvvvennen. 180, 474, 483, 490
ICIER....ccoeetrierrnee. 417,478, 486, 493 PDRIJ..cooviiiiiiins 185,474, 483, 490
ICMR....ccvveriee 415, 478, 486, 493 PMRI ..o, 126, 479, 487, 495
ICR oo 55,477, 485, 493 PMR3 ..o 132, 480, 487, 495
ICSR ..o 419, 478, 486, 493 PMRS. ..o, 139, 479, 487, 495
IEGRI...ccooeeiieiien 48, 480, 488, 495 PMRF.....ccoceviiiinns 171,474, 483, 490
IEGR2......oovveeeeee 49, 480, 488, 495 PMRG.......cooveeeeenn, 175, 474, 483, 490
IENRI...coovvvviecrienee 50, 480, 488, 495 POCR....ccoovvvierieennn, 297,474, 483, 491
IENR2....coovveeciiene 51, 480, 488, 495 PUCRI ...ccoevvveveeen, 128, 479, 487, 495
IRRI (oo 51, 480, 488, 495 PUCRS ..o, 141, 479, 487, 495
IRR2 oo 53, 480, 488, 495 PWCR......covveiee, 366, 479, 487, 494
IWPR ... 53, 480, 488, 495 PWDRL .........ceeenne. 367,479, 487, 494
LVDCR.......cccevvene. 462,477, 485, 493 PWDRU.........cveeune. 367,479, 487, 494
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RCCR ..cvveveieree 73,477, 485, 493 TRCMR ......ccceuvenee. 222,477,485, 492
RCTRMDPR ................. 74,4717, 485, 493 TRCOER.........c..cu....... 233,477, 485, 492
RCTRMDR.................... 75,4717, 485, 493 TRCSR....ccoevveevrenennn. 227,477, 485, 492
| 21D L S 373,479, 487, 494 TRDCNT .......ccveuneee. 286,472,481, 489
RHRDR ........cccccueene. 190, 477, 485, 492 TRDCR.......ccoeevvenneee. 287,474,483, 491
RMINDR...................... 189, 477, 485, 492 TRDDF .......cccevvenneee. 298, 474, 483, 491
RSECDR..........ccocu...... 188,477, 485, 492 TRDFCR.........cccun..... 280, 475, 484, 491
RSR i, 373 TRDIER..........c.ccu....... 296, 474, 483, 491
RTCCRI....ccovverrnee. 192, 477, 485, 492 TRDIORA................... 289, 474, 483, 491
RTCCR2......ccveeuvnne. 193, 477, 485, 492 TRDIORC................... 289, 474, 483, 491
RTCCSR.......cccevvnne. 194, 477, 485, 492 TRDMDR.................... 278,475, 484, 491
RWKDR.......cocvenene. 191, 477, 485, 492 TRDOCR.........cu...... 284, 475, 484, 491
SAR ...coiiie 421,478, 486, 493 TRDOERI .................. 282,475,484, 491
SCR3 .o 375, 479, 486, 494 TRDOER2 .................. 284, 475, 484, 491
SMCR.....coooveeeerrens 371,473, 482, 490 TRDPMR.................... 279, 475, 484, 491
SMR...coiiiiiiiieeeis 374,479, 486, 494 TRDSR ...covvevverrennen, 293,474, 483, 491
SSR...ooiiiiicieeeieee 377,479, 487, 494 TRDSTR......ccovveneee. 274,475, 484, 491
SYSCRI ...ccovverrerennee 90, 480, 488, 495 TSR 373
SYSCR2 ....ooovvvvviennn. 93, 480, 488, 495 Reset exception handling...........ccccceeeee 56
SYSCR3 ....oovveievieinne 94, 480, 488, 495 Reset synchronous PWM mode........ 322
TCBI oo 201, 478, 486, 493
TCNTV..ovieieeee, 205, 478, 486, 494
TCORA ....ccooovvevve 205, 478, 486, 494 S
TCORB......oovviiins 205, 478, 486, 494 Sample-and-hold circuit.................... 451
TCRVO ..., 206, 478, 486, 494 Scan mode........ccoveeveeeireiieiieriereenen, 450
TCRVI ..o 209, 479, 486, 494 Serial communication interface 3
TCSRV .., 207,478, 486, 494 [0 &) S 369
TCSRWD ..o 360, 479, 487, 494 Shift inStructions ...........cceeeeevveereevesreennens 24
TCWD ..o, 362, 479, 487, 494 Single mode .........cceveiiiiniiiieeenne 450
TDR .o, 374, 479, 487, 494 Slave address .........ccevvevveeveeeenreennen. 423
TLBI .o, 201, 478, 486, 493 Sleep mode.......ccceevvvevrieiieiecriereenene 100
TMBI ..o, 200, 478, 486, 493 Software protection..............ccoeeveennen. 120
TMWD ..o 362,479, 487, 494 Stack pointer (SP) ......cccoovevvvevvieiieieriennens 14
TRCCNT ...cvvns 235,473,482, 489 Stack Status .......cccevveevveeeiieiieeeee e 58
TRCCRI ..o 224, 477, 485, 492 Standby mode ........cccocvevvveiieienrienen. 100
TRCCR2......cooirinne. 225,477, 485, 492 Start condition...........ccceeeeveeeiereeneen, 423
TRCDF ..o 234,477, 485, 492 Stop condition..........ccceeeveeeeeverieennen. 423
TRCIER.......cccevne. 226,477, 485, 492 Subactive mode..........cceeevveerereneens 101
TRCIORO .......ccveav 229,477, 485, 492 Subclock generator ............cccveeveeieniiennen. 86
TRCIORT .....coovinnn 231,477, 485,492 Subsleep mode.........ccceevverirecieneeenen. 101
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Synchronous operation ..............ceeveennen. 315 Trap inStruction..........ceeveerveeeveecvereeneennns 45
System control instructions....................... 28 TrimMming .......cceevvevvveveeeieeienieneeseeieennens 82
T w
Timer Bl ..o 199 Watchdog timer..........cocevevevenencnienne 359
Timer RC .....ooooviiiiiiiiieieeeeceeeee, 217 Waveform output........ccccovevevveecieeeieennen. 368
Timer RD....ooovvveiiiiieciieceeeeceee, 265 Waveform output by compare match......309
TIMET V oot 203 WKP5 to WKPO interrupts .........cccceennee. 57
Transfer rate.......ccoeevevvveveeneeieeieeeennn, 412
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